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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot per foot (ft/ft) 1.000 meter per meter
foot squared per day (ft%d) 0.09290 meter squared per day
gallon per minute per foot [(gal/min)/ft] 0.2070 liter per second per meter
inch (in.) 25.4 millimeter
inch per year (in/yr) 25.4 millimeter per year
mile (mi) 1.609 kilometer
square mile (mi2) 2.590 square kilometer

Temperature: Degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the formula °F = [1.8(°C)]+32.

Degrees Fahrenheit can be converted to degrees Celsius by using the formula °C = 0.556(°F-32).

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called
“Sea-Level Datum of 1929”), which is derived from a general adjustment of the first-order leveling networks of the

United States and Canada.
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Hydrology and Ground-Water Budgets of the Dayton
Valley Hydrographic Area, West-Central Nevada

By Douglas K. Maurer

ABSTRACT

Increasing development in the Dayton
Valley Hydrographic Area, east of Carson City,
Nevada, has caused concerns over the available
ground-water supply. In 1994, a study began to
assess ground water in subbasins of the area.

The hydrographic area is about 10 miles east of
the Sierra Nevada, and the Carson River flows
from west to east through the area. The hydro-
graphic area was divided into five subbasins

for which ground-water budgets were estimated.
The subbasins, from west to east, are: Riverview,
Mound House, Carson Plains, Stagecoach, and
Bull Canyon. Ground-water levels were measured
and lines of equal water-level attitude were devel-
oped for the three westernmost subbasins.

Three estimates of the distribution of mean
annual precipitation in the hydrographic area and
in each subbasin were obtained using a previously
published relation between annual precipitation
and altitude; a relation developed for this study
between annual precipitation, altitude, and dis-
tance from the Sierra crest; and a precipitation
map for Nevada produced in 1996. Estimates
of total annual precipitation are 180,000 acre-ft
(acre-feet) using the first distribution, 200,000
acre-ft using the second, and 250,000 acre-ft using
the third. Both the second and third distributions
estimate more precipitation at higher altitudes than
the previously published relation.

The ground-water budgets include estimates
of inflow to ground water from (1) infiltration of
precipitation and streamflow generated within
the area; (2) infiltration of streamflow along the

Carson River; (3) infiltration of ground water
pumped for municipal, domestic, and agricultural
purposes; and (4) subsurface flow from the adja-
cent Eagle and Carson Valley Hydrographic Areas
and between the subbasins. The ground-water
budgets also include estimates of outflow from
ground water to (1) evapotranspiration and crop
consumptive use; (2) seepage to the Carson River;
(3) ground-water pumpage for municipal, domes-
tic, and agricultural purposes; and (4) subsurface
flow to the adjacent Churchill Valley Hydro-
graphic Area and between subbasins.

Estimates of recharge from infiltration of
precipitation and streamflow generated within
each subbasin were made by applying the Maxey-
Eakin method to the three distributions of mean
annual precipitation. The resulting estimates are
7,800, 11,000, and 26,000 acre-ft/yr (acre-feet
per year), showing that recharge calculated using
the Maxey-Eakin method is greatly dependent
on the distribution of mean annual precipitation.
Thus, three values are used to report total inflow
to ground water in the study area.

Estimates of ground-water inflow to the
Riverview subbasin are 5,600, 5,800, and 6,900
acre-ft/yr, and estimated ground-water outflow is
slightly larger, 6,600-8,400 acre-ft/yr. Estimates of
inflow to the Mound House subbasin are 3,300,
3,700, and 5,600 acre-ft/yr, whereas estimates of
outflow are much less, 600-800 acre-ft/yr. Outflow
from the subbasin beneath the channel of the
Carson River to the Carson Plains subbasin could
be greater than estimated. Estimates of inflow to
the Carson Plains subbasin are 7,000, 8,700, and
18,000 acre-ft/yr, and estimates of outflow are
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9,300-13,000 acre-ft/yr. The apparent imbalance
would be reduced if subsurface inflow from the
Mound House sub-basin is greater than estimated.
Also, possible water-level declines could cause
a decrease of 200-300 acre-ft/yr in ground-water
storage. Estimates of inflow to the Stagecoach
subbasin are 1,300, 1,500, and 2,200 acre-ft/yr,
and estimates of outflow total 1,800 acre-ft/yr,
with a decrease in ground-water storage of about
450 acre-ft/yr. Estimates of inflow to the Bull
Canyon subbasin are 3,600, 3,800, and 6,100
acre-ft/yr, whereas estimates of outflow are
2,100-3,400 acre-ft/yr. Uncertainties in estimates
for recharge and discharge could also contribute
to the apparent imbalances in water budgets for
the individual subbasins.

Total estimated inflow to ground water in
the Dayton Valley Hydrographic Area is 19,000,
23,000, and 37,000 acre-ft/yr. These include
7,800, 11,000, and 26,000 acre-ft/yr from infil-
tration of precipitation and streamflow generated
within the area; 7,000 acre-ft/yr from stream
losses of the Carson River, 2,300-2,900 acre-ft/yr
of secondary recharge of pumped water, and 2,200
acre-ft/yr of subsurface flow from Eagle Valley.
Estimates of outflow from ground water are
19,000-26,000 acre-ft/yr. These include 10,000
acre-ft/yr of ground-water pumpage, 7,300-
13,000 acre-ft/yr discharged by crops, 1,100-
3,000 acre-ft/yr discharged by phreatophytes,
and 230 acre-ft/yr of subsurface outflow to
Churchill Valley.

The low-range and mid-range estimates of
ground-water inflow are similar to the range in
estimates of outflow. In contrast, the high-range
estimate of inflow is more than 10,000 acre-ft/yr
greater than estimated outflow. This implies that
estimates of recharge using the precipitation map
for Nevada produced in 1996 could be too high.

The net inflow and outflow of 17,000 acre-
ft/yr estimated in 1976 for Dayton Valley is similar
to the low-range estimate developed in this study,
and is about half of the high-range estimate. The
previous estimate used a single value for discharge
by ground-water pumping, crop consumptive use,
and evapotranspiration that was calculated by

difference, to balance inflow and outflow. Also,
recharge from streamflow generated within the
area and from precipitation could be greater than
previously estimated.

INTRODUCTION

Increasing development in the Dayton Valley
Hydrographic Area,’! east of Carson City, Nev., has
caused concerns over the available ground-water
supply (fig. 1). The water budget for the area was last
assessed in the early 1970's as part of a ground-water
reconnaissance study of the entire Carson River Basin
(Glancy and Katzer, 1976). Changes in development
since the reconnaissance study could have affected the
water budget of the area. The population of the area has
increased from about 650 in 1971 (Glancy and Katzer,
1976, p. 56) to over 4,000 in 1990 (Lyon County
Master Plan, 1990, p. 30), increasing water use and
possibly affecting the distribution of ground-water
recharge and discharge. The reconnaissance study
estimated ground-water inflow from Eagle Valley
to aquifers on the western side of the Dayton Valley
Hydrographic Area. Increased ground-water with-
drawals in Eagle Valley could have changed the
volume of ground-water flow between the two
hydrographic areas.

The Carson River, which flows through the area,
is hydraulically connected with aquifers that supply
ground water for municipal, domestic, and agricultural
use. Flow of the Carson River could change in response
to changes in water use in Carson Valley, upstream
from Dayton Valley (Prudic and Wood, 1995, p. 12).
Also, development in Dayton Valley could affect
downstream river flow, which is becoming increasingly
important to downstream water users.

The population of the Dayton Valley Hydro-
graphic Area is expected to increase at an even greater
rate in the future, especially in the western part of the
area. Prior to 1994, water-level data from the western
part of the area were sparse. Such data would provide
a greater understanding of the hydrogeologic setting

Formal hydrographic areas in Nevada were delineated sys-
tematically by the U.S. Geological Survey and Nevada Division of
Water Resources in the late 1960’s (Rush, 1968; Cardinalli and
others, 1968) for scientific and administrative purposes. The offi-
cial hydrographic-area names, numbers, and geographic bound-
aries continue to be used in Geological Survey scientific reports
and Division of Water Resources administrative activities.
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valleys. This pattern is interrupted between the Virginia
Range and the Pine Nut Mountains by a lineament
marked by valleys and the ends of mountain ranges
and extends over 100 mi from Carson City to the north-
east (Bonham, 1969, p. 50; Moore, 1969, p. 18). The
lineament is a fault zone with left-lateral offset and is
called the Carson Lineament by Rogers (1975). Move-
ment along this feature combined with normal faulting
produced northeast-trending valleys in the Mound
House, Carson Plains, and Stagecoach Valley sub-
basins (Shawe, 1965, p. 1373).

Faulting has continued to the present time and
was accompanied by continued volcanism, which
produced sequences of volcanic rocks as young as
1 million years old (Bonham, 1969, p. 40). As valleys
formed, sediments that eroded from the mountain
blocks were deposited by the Carson River and peren-
nial streams into the valleys. The oldest of these sedi-
ments are probably Pliocene in age (from 5 to 2 million
years old) and contain large amounts of volcanic ash
(Moore, 1969, p. 12). These sediments became partly
consolidated and cemented and, in the Pine Nut Moun-
tains, have been uplifted along with the mountain
blocks (pl. 2). More recent, unconsolidated sediments
overlie the older sediments in the valleys.

East of Dayton, sediments transported by the
Carson River were deposited in an ancient lake called
Lake Lahontan, which covered large parts of northern
Nevada (Morrison, 1991, p. 287). The lake was present
from over 1 million to about 11,000 years ago with
several high stands separated by periods when the lake
was dry (Morrison, 1991, p. 291, and Benson, 1978,
p. 312-315). During high stands, the lake level had an
altitude of about 4,380 ft, filling the Stagecoach and
Carson Plains subbasins to depths of over 100 ft and
40 ft, respectively (Moore, 1969, p. 15). As lake leveis
rose and fell, the deposition of deltas, beaches, sand
dunes, and lake sediments moved back and forth across
the area of the Carson Plains, Stagecoach, and Bull
Canyon subbasins.

Streamflow of the Carson River has created a
flood plain in the Riverview subbasin and, since the
last high stand of Lake Lahontan, in the Carson Plains
and Bull Canyon subbasins. Runoff from perennial
and ephemeral streams has deposited alluvial fans at
the base of the mountain blocks and near the mouths
of the larger canyons surrounding the valley floors.

Physical Properties of Hydrogeologic Units

Consolidated rocks form the mountain blocks
in the study area and also underlie partly consolidated
and unconsolidated sediments that fill the valleys.
Hydrogeologic units that form the consolidated rocks
are collectively referred to as bedrock, and sedimentary
units are referred to as basin-fill sediments.

Consolidated rocks are divided into five hydro-
geologic units on plate 2: (1) metamorphic rocks,
(2) granitic rocks, (3) rhyolitic volcanic rocks,
(4) andesitic volcanic rocks, and (5) basaltic volcanic
rocks. Currently, data on the physical properties of con-
solidated rocks in the study area are sparse. For this
reason, the grouping of rock types used in this report is
considered to be preliminary. The grouping is based on
existing descriptions of the fracturing, weathering, and
other physical properties of each group.

Plate 2 was generated from a digital version
(J.H. Stewart, written commun., 1987) of geologic
mapping at 1:250,000 scale of Carson City, Douglas,
and Lyon Counties by Moore (1969), of Storey County
by Bonham (1969), and mapping at 1:24,000 scale of
the New Empire topographic quadrangle by Bingler
(1977). Minor modifications of the original published
maps were made near the boundary of the New Empire
quadrangle to join hydrogeologic units mapped at
different scales. Hydrogeologic units mapped at
1:250,000 do not show all existing details. For exam-
ple, basin-fill sediments are found beneath the Carson
River and at distances of 100-300 ft away from the
river throughout the Mound House subbasin. However,
the geologic map by Moore (1969) and units shown on
plate 2 do not distinguish these sediments from the sur-
rounding consolidated rocks.

Metamorphic rocks are closely associated with
granitic rocks throughout the study area and are com-
posed of both metasedimentary and metavolcanic
rocks. The metamorphic rocks are metasediments
on the eastern side of the Riverview subbasin, and
are mostly metavolcanic elsewhere in the hydrographic
area (Moore, 1969, pl. 1). The metasedimentary rocks
include slate, graywacke, quartzite, schist, limestone,
and gypsum (Moore, 1969, p. 6). Gypsum and massive
anhydrite are associated with these rocks in the north-
ern part of the Mound House subbasin (Archbold,
1969, p. 34). The metavolcanic rocks are andesitic
breccias near Prison Hill and metabasalts along the
Carson River canyon in the Mound House subbasin
and near the Comstock Lode (Bonham, 1969, p. 6
and 7). Metamorphic rocks in the Pine Nut Mountains
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south of the study area are thousands of feet thick
(Bonham, 1969, p. 6); likewise, similar rocks within
the study area probably are thousands of feet thick.

West of Carson City, metamorphic rocks were
found to be highly fractured to depths of greater than
70 ft, and fractures are clay filled at the greatest depths.
Metamorphic rocks without clay-filled fractures are
highly permeable, with a hydraulic conductivity as
great as 30 ft/d. Metamorphic rocks with clay-filled
fractures have hydraulic conductivities of about
1-2 ft/d (Maurer and others, 1996, p. 21). Drillers’
logs show that wells produce water from metamorphic
rocks in the Riverview and Mound House subbasins
(pl. 3). The extent and permeability of fractured zones
in metamorphic rocks throughout the remainder of the
study area are unknown.

The granitic rocks are generally massive intru-
sions of granodiorite that have low permeability to
ground-water flow except where fractured or weath-
ered. West of Carson City, granitic rocks were found
to have a weathered zone about 50 ft thick with a
hydraulic conductivity of about 1 ft/d (Maurer and
others, 1996, p. 21). Granitic rocks probably underlie
other hydrogeologic units throughout the study area
because they are exposed at widely scattered locations
(pl. 2). Drillers’ logs show that near the northern end
of the Riverview subbasin, wells produce water from
fractured granitic rocks (pl. 3). The extent and perme-
ability of weathered and fractured zones in granitic
rock throughout the remainder of the study area are
unknown.

Rhyolitic volcanic rocks about 20 million years
old are commonly pink-to-purple ash-fall and ash-flow
tuffs, tuff-breccias, and welded tuffs (Moore, 1969,

p. 10). They are exposed mainly in the Mound House
subbasin and near Virginia City where they are as thick
as 1,000 ft (Moore, 1969, p. 10). Crude columns devel-
oped in the unit during cooling (Moore, 1969, p. 10),
and the rocks are probably moderately permeable.
Wells in the Mound House subbasin produce water
from the unit (pl. 3).

Andesitic volcanic rocks ranging from about
20 to 13 million years old are exposed extensively
in the mountain blocks within the Carson Plains and
Stagecoach subbasins. The andesitic rocks are hetero-
geneous in lithology; they actually range in composi-
tion from rhyolitic to basaltic, but are mostly andesites
(Moore, 1969, p. 11). They are composed of breccias,
flow breccias, lava flows, tuffs, and volcanic sand-
stones and conglomerates. They are oldest near
Virginia City where they are about 2,700 ft thick and

have been hydrothermally altered (Bonham, 1969,
p. 25). Elsewhere in the study area they could be
several thousand feet thick (Moore, 1969, p. 11).
Where fractured, the andesitic rocks are permeable to
ground-water flow, and wells near Gold Hill, Mound
House, and Dayton produce water from the unit (pl. 3).
Basaltic volcanic rocks about 1 million years old
are exposed along the divide between the Riverview
and Mound House subbasins, near the southern part of
the Stagecoach subbasin, and extensively in the Bull
Canyon subbasin. The rocks are described as fractured
and vesicular (Bonham, 1969, p. 40) and probably have
high permeability. Thompson (1956, p. 59) estimates
that the basaltic rocks do not exceed 50 ft in thickness
near the Mound House subbasin; however, about 150 ft
of basaltic rock that is probably part of the same unit
was penetrated by a municipal well near the northern
boundary of the Riverview subbasin (inset, pl. 2).
Harrill and Preissler (1994, p. H6) show a thickness
of about 500 ft for Quaternary basaltic rocks near the
southern end of the Stagecoach Valley subbasin and
suggest that the unit transmits water from the Carson
River to the Stagecoach subbasin. The thickness of this
unit in the Bull Canyon subbasin is unknown.

Basin-fill sediments are exposed on the floor of
all subbasins and have been divided into two hydro-
geologic units: (1) partly consolidated sediments and
(2) unconsolidated sediments.

Partly consolidated sediments 5 to 2 million years
old are exposed in the eastern part of the Riverview
subbasin, the southern part of the Carson Plains sub-
basin, and in the Bull Canyon subbasin. They consist of
fine-grained lake sediments that have been partly con-
solidated to mudstone, siltstone, and shale with lenses
of sand and gravel. The fine-grained sediments are
composed largely of volcanic ash. Because they were
deposited during uplift of the mountain ranges, they are
exposed in the mountain blocks, and are probably also
present beneath unconsolidated sediments covering the
valley floors. The thickness of the unit is estimated to
be greater than 3,000 ft near Virginia City and greater
than 1,000 ft in the Pine Nut Range (Moore, 1969,

p- 12). The permeability of the unit as a whole is low;
however, water probably is readily transmitted through
the lenses of sand and gravel. Some wells in the River-
view subbasin and in neighboring Carson Valley pro-
duce small amounts of water from the unit.

Unconsolidated sediments are generally less
than 2 million years old and consist of Lake Lahontan
sediments and flood-plain, eolian, and alluvial-fan
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sediments deposited before, during, and after the pres-
ence of Lake Lahontan. Included in this unit are depos-
its of apparently small areal extent, called older
alluvium by Moore (1969, p. 14), that could be more
than 5 million years old.

In the Riverview and Bull Canyon subbasins,
unconsolidated sediments are mainly flood-plain
deposits of the Carson River consisting of moderate
to well-sorted silty fine sand and sandy gravel (Bingler,
1977). In the Mound House subbasin, unconsolidated
sediments are poorly to moderately sorted alluvial-
plain deposits consisting of silt, sand, gravel, and
cobbles (Bingler, 1977). Lake Lahontan sediments are
found in the Carson Plains subbasin east of Dayton.
Based on descriptions from drillers’ logs, the sedi-
ments consist of several hundred feet of alternating lay-
ers of sand, gravel, silt, and clay, becoming coarser and
grading to poorly sorted alluvial-fan sediments with
increasing amounts of sand and gravel near the margins
of the valley (Moore, 1969, p. 15; Bonham, 1969,

p. 42). In the Stagecoach subbasin, unconsolidated sed-
iments are generally fine-grained Lake Lahontan and
playa deposits (Harrill and Preissler, 1994, p. HS).

Unconsolidated sediments form the major aqui-
fers in the subbasins. Generally, these sediments have
low permeability where fine grained, are moderately
permeable where coarser grained and poorly sorted,
and are highly permeable where coarse grained and
well sorted. Municipal, domestic, and agricuitural
wells produce water from the more permeable sedi-
ments in the unit.

The total thickness of both unconsolidated and
partly consolidated sediments can be estimated from
drillers’ logs and by using geophysical methods.
Because unconsolidated and partly consolidated sedi-
ments are difficult to distinguish during drilling and by
geophysical methods, their individual thicknesses are
poorly known. Their total thickness is described as the
thickness of basin-fill sediments in each subbasin.

According to drillers’ logs, basin-fill sediments
are about 300 ft thick near the Carson River east of well
R-9s (app. 2, pl. 3) and about 700 ft thick beneath the
boundary between Eagle Valley and the Riverview
subbasin (inset, pl. 2). Basin-fill sediments are thin
in the Mound House subbasin; they are generally
described as 100 -140 ft thick on most drillers’ logs.
In the westernmost Carson Plains subbasin, basin-fill
sediments are about 170 ft thick at well C-6 (pl. 3)
and almost 300 ft thick near well C-2. At well C-16,
basin-fill sediments are 360 ft thick and are over 600 ft

thick near the Carson River at the eastern boundary of
the Carson Plains subbasin. Analysis of gravity data
suggests that basin-fill sediments have a maximum
thickness of 2,900 ft near the base of the mountain front
about 3 mi northeast of Dayton (Schaefer and Whitney,
1992, p. 8). Gravity data in the Stagecoach subbasin
show that basin-fill sediments could be as thick as
3,000 ft about 2 mi south of U.S. Highway 50 (Harrill
and Preissler, 1994, p. H13). Drillers’ logs show basin-
fill sediments over 500 ft thick near the Carson River in
the Bull Canyon subbasin.

HYDROLOGY

Estimates of Annual Precipitation

Infiltration of precipitation and of streamflow
along the Carson River and its tributaries are the two
most important sources of ground-water recharge.
Stations recording precipitation are sparse within the
study area and data from the highest altitudes, where
precipitation is thought to be greatest, are lacking.
Thus, the distribution of precipitation over the study
area is not known and must be estimated. Three differ-
ent approaches were used to estimate the distribution of
annual precipitation and to develop a range of values
for mean annual precipitation.

Altitude-Precipitation Relation of Glancy and
Katzer (1976)

Annual precipitation in the Dayton Valley Hydro-
graphic Area was previously estimated by Glancy and
Katzer (1976, p. 48) using a relation between altitude
and annual precipitation of the sort described by Eakin
(1960). This relation is the first step in a method, com-
monly called the Maxey-Eakin method, used to esti-
mate ground-water recharge in the state of Nevada
(Watson and others, 1976, p. 339-342). The relation
described by Eakin (1960) assigns a range in annual
precipitation to a range in altitude, with precipitation
increasing as altitude increases (app. 1). The relation
was developed from a map of mean annual precipita-
tion for Nevada produced by Hardman and others
(1936), Hardman and Mason (1949, p. 10) and later
revised by Hardman (1965). For the reconnaissance
study (Glancy and Katzer, 1976, p. 48), the area
between altitude zones was mechanically planimetered
from 1:250,000-scale topographic maps (Patrick A.
Glancy, U.S. Geological Survey, oral commun., 1995).
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The resulting distribution of the volume of mean
annual precipitation in the study area is shown in
table 2.

For the present study, estimates of precipitation
for the hydrographic area and for each subbasin were
made using the same altitude-precipitation relation
used by Glancy and Katzer (1976, p. 48). A digital
elevation model at a scale of 1:250,000 was used
to determine estimates of precipitation and area. The
digital elevation model consists of 2-acre cells forming
a grid over the study area, with an average altitude
assigned to each cell. ARC-INFO software was used
to apply the altitude-precipitation relation to each
grid cell and total the estimated precipitation and area
within each altitude zone. The volume of mean annual
precipitation was then calculated for the hydrographic
area (table 2) and for each subbasin (app. 1).

The resulting volumes of mean annual precipita-
tion range from 9,100 acre-ft/yr in the Riverview sub-
basin to 89,000 acre-ft/yr in the Carson Plains subbasin
(app. 1). For the entire hydrographic area, mean annual
precipitation is estimated to be 180,000 acre-ft/yr
(table 2). Other than differences probably caused by
the different methods used to determine area, the esti-
mates obtained in this study and those reported in the
reconnaissance study are the same.

Distance-Altitude Relation

Many additional precipitation data have been
collected since the relation between precipitation and
altitude was developed for the Maxey-Eakin method.
Also, inspection of the Hardman (1965) precipitation
map suggests that, in western Nevada, annual precipi-
tation is also controlled by the distance from the Sierra
Nevada (the rain-shadow effect). Hardman’s map
shows annual precipitation decreasing from 8-12 in/yr
in valleys adjacent to the Sierra to less than 5 in/yr in
valleys 30-40 mi east of the Sierra. Spane (1977, p. 54)
also notes the rain-shadow effect of the Sierra in esti-
mating annual precipitation on the floor of Carson
Valley.

To include more recent precipitation data and
the effect of distance from the Sierra, a relation be-
tween mean annual precipitation, altitude, and distance
from the crest of the Sierra was developed for the
Dayton Valley Hydrographic Area using data from
five NOAA climate stations and two stations operated
by the Nevada State Climatologist’s Office (table 1).
Published values of mean annual precipitation are
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available for the period 1961-90 (Owenby and Ezell,
1992). However, the station at Virginia City was
moved to the west and to a higher altitude in 1968,
collecting greater amounts of precipitation. For this
reason, mean annual precipitation for the period 1969-
94 was used to develop the relation. Mean annual pre-
cipitation at the Como-Rawe and Lebo Spring stations,
operated by the State Climatologist, has been estimated

Table 2. Mean annual precipitation for Dayton
Valley Hydrographic Area, Nevada, from three
different relations for distribution of precipitation

(app. 1)

Precipitation Area Estimated
range (acres) precipitation
(inches) (acre-feet)

From Glancy and Katzer (1976, p. 48)

>20 698 1,300

15-20 10,600 16,000

12-15 43,900 48,000

8-12 74,900 60,000

<8 103,000 52,000

Total (rounded) . . 233,100 180,000

From altitude-precipitation relation of

Glancy and Katzer (1976),
using digital elevation model

>20 742 1,400

15-20 10,000 16,000

12-15 43,600 48,000

8-12 74,200 59,000

<8 105,300 53,000

Total (rounded) . . 233,000 180,000

From distance-altitude relation

>20 176 300

15-20 19,300 27,000

12-15 50,800 56,000

8-12 102,300 83,000

<8 61,600 37,000

Total (rounded) .. 234,200 200,000

From 1996 Nevada precipitation map

>20 29,200 53,000

15-20 46,600 69,000

12-15 41,400 46,000

8-12 76,700 62,000

<8 41,300 21,000

Total (rounded) .. 235,200 250,000




only for the period 1961-90 (James, 1995), and these val-
ues were used to develop the relation. The use of mean
values for different periods of record produces some
uncertainty in the resulting relation; however, the differ-
ence between mean values for the two time periods is less
than 10 percent at all sites (table 1). The distance from the
Sierra crest was measured as the distance between each
station and longitude 120° west, which approximates the
crest of the Sierra.

Mean annual precipitation for the seven stations and
the principle of least squares (Iman and Conover, 1983,
p. 360-361) were used to develop the following equation
between mean annual precipitation, station altitude, and
station distance from the Sierra crest:

Mean annual precipitation (inches per year) =
-5.16 + 0.00323 x altitude (feet)
- 0.074 x distance (miles). 1)

The regression statistic, R-squared, is a measure of
how well the equation explains the data. A perfect fit of
the equation to the data would give an R-squared of 1.00;
R-squared for equation 1 is 0.97. This indicates that equa-
tion 1 is useful for estimating mean annual precipitation
within the study area. The accuracy of the equation above
7,200 ft, the altitude of the highest station used in the rela-
tion, is unknown. Despite this uncertainty, equation 1
provides an estimate of mean annual precipitation using
recent data collected in and near the study area.

Again, the digital elevation model and computer
software were used to apply the relation and calculate the
volume of annual precipitation for precipitation zones
within the entire hydrographic area (table 2) and for each
subbasin (app. 1). The relation in equation 1 predicts from
13 to 21 percent more precipitation for the subbasins than
does the relation used by Glancy and Katzer (1976, p. 48).
For the entire hydrographic area, mean annual precipita-
tion is estimated to be 200,000 acre-ft/yr (table 2). The
area estimated to receive less than 8 in/yr is much less
than that of the relation used by Glancy and Katzer (1976,
p- 48), and larger areas are generally estimated for the
other precipitation zones except where mean annual

precipitation exceeds 20 in.

PRISM Model of Daly and Others (1994)

A third estimate of the volume of mean annual
precipitation was calculated using a map showing
mean annual precipitation, 1961-90, for the State of
Nevada (John W. James, Nevada State Climatologist,
written commun., January 1996). This map, hereafter
referred to as the 1996 Nevada precipitation map, was

produced using a computer model called Precipitation-
elevation Regressions on Independent Slopes (PRISM)
by Oregon State University (Daly and others, 1994).
The model used digital elevation models of the State
and data from precipitation stations to derive a grid

of estimated precipitation. Lines of equal precipitation
were drawn using the grid.

The January 1996 version of the Nevada precipi-
tation map is at a scale of 1:1,750,000. The original
map was scanned, the scale expanded, and matched to
county-line and subbasin boundaries plotted at a scale
of approximately 1:272,000. In some locations, closed
precipitation contours, assumed to represent precipita-
tion maxima near the highest peaks, did not exactly
coincide with the subbasin boundaries which cross the
peaks. For these reasons, estimates of precipitation
using the map are considered approximate, but they
provide a third, independent estimate of the volume of
mean annual precipitation. The area of the precipitation
zones within each subbasin was determined using a
mechanical planimeter. Total areas determined for each
subbasin and for the entire hydrographic area were
within about 2 percent of those obtained digitally
(app- ).

The volume of mean annual precipitation esti-
mated using the 1996 Nevada precipitation map is

considerably greater than estimates made by the other
two methods. For the subbasins, the map estimates
from 18 to 54 percent more precipitation than the rela-
tion used by Glancy and Katzer (1976, p. 48) (app. 1).
For the entire hydrographic area, the volume of mean
annual precipitation is estimated to be 250,000 acre-
ft/yr, about 40 percent more than that estimated using
the relation of Glancy and Katzer (1976, p. 48) (table
2). The areas estimated to receive more than 15 in/yr
are much greater than areas estimated using the other
two methods (table 2). Collecting additional precipita-
tion data above altitudes of 7,000 ft would show which
method is most accurate.

Surface Water

Surface water in the study area is dominated by
streamflow in the Carson River and its diversions. Most
other streams in the area are ephemeral and flow along
their entire course only during spring snowmelt or
summer thunderstorms. The Carson River gains or
loses flow to ground water throughout much of the
study area.
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Carson River and Diversions

Maximum flow of the river is normally from
April to June when the snowpack melts in the Sierra
Nevada. However, floods have occurred from
December through February when rain is added to
the snowpack during warm winter storms. Runoff from
April through June usually accounts for about half of
the total annual streamflow (Clary and others, 1995,
p. 206). Streamflow decreases through the summer,
and the lowest flows are in September. At the eastern
boundary of the study area during dry years, the river
can become dry by August or September. After this
time, flows gradually increase through fall and winter
months.

Flow of the Carson River is gaged at four stations
in and near the Dayton Valley Hydrographic Area
(pl. 1, table 3). Long-term records of streamflow are
available for both the upstream boundary (Carson City
gage) and downstream boundary (Fort Churchill and
Buckland Diich gages) of the Dayton Valley Hydro-
graphic Area. Flow of the river has been gaged for
a total of 10 years at the downstream boundary of
the Riverview subbasin (Deer Run Road gage), and
for only 1 year about 2 mi northeast of the upstream
boundary of the Carson Plains subbasin (Dayton gage).
In addition, streamflow from the Eagle Valley Hydro-
graphic Area to the Riverview subbasin has been gaged
at Eagle Valley creek for about 10 years (pl. 1). The
Federal Water Master also maintains records of diver-
sions from the Carson River for irrigation since 1978.

The average annual flow of the Carson River
reported at each gage depends greatly on the period
of record (table 3). Comparison of average annual
river flow at each gage can be made from averages
calculated for the common 10-year period of record
(water years 1980-85 and 1991-94, table 3). A water
year extends from October 1 to September 30, and
is designated by the calendar year in which it ends.

The resulting average flow at the gage near
Carson City is 332,000 acre-ft/yr, and 332,000 acre-
ft/yr at the Deer Run Road gage. Downsiream from
the Carson City gage, flow is diverted to Mexican
Ditch where, from 1978 through 1994, an average of
about 6,800 acre-ft/yr was diverted from April through
September (Federal Water Master, written commun.,
1994). Downstream from the diversion of Mexican
Ditch, Eagle Valley creek exits Eagle Valley, enters
the Dayton Valley Hydrographic Area, and is tributary

to the Carson River with an average flow of 2,200
acre-ft/yr (1985-94). Downstream from Eagle Valley
creek, three small streams exit Eagle Valley and are
tributary to the Carson River, but the flow of these
creeks is unknown.

In the Mound House subbasin, Brunswick
Canyon and other smaller canyons supply flow to
the river only during periods of high flow. Springs
provide small amounts of perennial flow to the river
(pl. 3). In the Carson Plains and Bull Canyon subba-
sins, diversions from the Carson River average about
22,000 acre-ft/yr from May to September (pl. 2, table
3). Eldorado and Six-Mile Canyons and other smaller
canyons supply flow to the river only during periods
of high flow.

Average flow of the Carson River near Fort
Churchill for the common period of record is 312,200
acre-ft/yr. In addition to this flow, irrigation diversions
in the Buckland Ditch leave the hydrographic area and
average about 10,000 acre-ft/yr, for a total of about
322,200 acre-ft/yr.

Ephemeral Streams and Springs

The major ephemeral streams that are tributary to
the Carson River are in Brunswick, Eldorado, and Six-
Mile Canyons (pl. 1). A crest-stage gage has recorded
peak stages in the Brunswick Canyon stream since
1966. Records of the U.S. Geological Survey show that
peak flows 60 ft*/s or greater were recorded in March
1967 (63 ft3/s), January 1969 (60 ft>/s), January 1980
(63 ft3/s), July 1984 (90 ft*/s), February 1986 (180
£t3/s), July 1994 (75 ft3/s), and March 1995 (245 ft'/s).
In February of 1986, peak flow was 2,100 fi3/s at
Eldorado Canyon, 500 ft*/s at Six-Mile Canyon, and
850 ft3/s at Gold Canyon (Pupacko and others, 1988,
p. 216). Peak flows in these canyons are of short dura-
tion and provide relatively small amounts of flow to the
Carson River.

Numerous small springs are scattered through-
out the mountain blocks in the study area. Of note
are several small springs near Silver City that pro-
vide water for the municipal system in Mound House.
At Sutro Springs north of Carson Plains, 10 fi3/s was
measured on July 23, 1972, and at Sutro Tunnel, which
is a collapsed drainage tunnel from deep mine shafts of
the Comstock Lode, 37.5 fi3/s was measured on June 1,
1970. Typically, springs support a small area of
phreatophytes near the spring orifice, and flow is
quickly lost to infiltration.
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Table 3. Information for surface-water gaging stations in and near Dayton Valley Hydrographic Area, Nevada.
Gage sites are shown on plate 1; ditches are shown on plate 2

[Abbreviation: acre-ft/yr, acre-feet per year. Symbol: --, data not available for computation]

Average flow Average flow
Station Period of for gerio d for water years
; Station name record P 1980-85 and
number of record
(water years) (acre-ftiyr) 1991-94
y (acre-ftiyr)
10311000  Carson River near Carson City. ........ May 1939-Sept. 1994. .. 284,100 332,000
-- MexicanDitch ..................... 1978-94, May-Sept. . . . . 36,800 -
10311300  Eagle Valley creek near Carson City ....  Jan. 1985-Sept. 1994 . .. 22,200 --
10311400  Carson River at Deer RunRoad. ....... April 1979-Sept. 1985, Aug. 2332,000 332,000
1990-Sept. 1994.
10311700  Carson River near Dayton ............ April-Sept. 1994. ... ... -- -
Carson Plains Diversions
- Roseditch. ........cooovvenien.. 1978-94, May-Sept. . . . . 31,700 -
-- Daytonditch.................. ... do. 41,800 --
- Fishditch ....................... do. 31,600 -
- Baroniditch ..................... do. 32,700 -
- Cardelliditch .................... do. 36,200 -
- Quiliciditch ...............o...L. do. 32,400 -
- Geeditch. ...............ovviin. do. 3800 -
-- Chavesditch..................... do. 33,200 --
- Houghman & Howard ditch. . ... . ... do. 31,300 -
Total for Carson Plains diversions . .. .......................... 22,000
10311900  Buckland Ditch near Fort Churchil. . . .. July 1962-Sept. 1971 1978-94, 316,160 610,000
May-Sept. 1978-94. 35,300
611,500
10312000 Carson River near Fort Churchill. ... ... April 1911-Sept. 1994 .. 2262,000 312,000

! Bight-digit number is used to identify each stream- and spring-gaging station. For example, station number 10311000 consists of two-
digit part number (10) followed by six-digit downstream-order number (311000). Part number refers to drainage area or group of areas that is
generally regional in extent. Records in this report are for sites in part 10 (Great Basin). Downstream-order number is assigned according to
geographic location of station in drainage network; larger number stations are downstream from smaller number stations.

2 Clary and others (1995, p. 206, 214, 215, 222).

3 Federal Water Master’s records for May through September.

4 Federal Water Master’s records for May through September; out of service in 1988.

3 U.S. Geological Survey (1972, p. 76).

6 Estimated for entire water year by assuming ratio of May- September flow to total annual flow in water years 1963-71 was the same for

water years 1978-94, 1980-85, and 1991-94.

Estimated Gains and Losses for the Carson River

Interchange of water between the Carson River
and the underlying basin-fill sediments is potentially
a large component of the ground-water budget for the
area. However, accurate measurement of the volumes
of water moving between the river and the basin-fill
sediments is difficult because the rate at which water

moves in the subsurface is small compared to the nor-
mal flow of the Carson River. Thus, even the most
accurate measurements of streamflow might not be
sufficient to determine the volume of interchange.

Estimates of flow gains and losses can be made
using the mean annual flow volumes recorded at the
gaging stations. However, the accuracy of the gaged
streamflow makes the estimates approximate.
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Streamflow into the Riverview subbasin from
the Carson River and Eagle Valley creek totals about
334,000 acre-ft/yr (table 3). Outflow from the subbasin
at the Deer Run Road gage is 332,000 acre-ft/yr. The
difference, about 2,000 acre-ft/yr (0.6 percent of annual
flows recorded at main stem gages), suggests a loss
through the reach. However, the reported accuracy
of records for the Carson River is fair at the Carson
City gage (95 percent of the daily discharges are within
15 percent of their true values) and poor at the Deer
Run Road gage (95 percent of the daily discharges are
more thap 15 percent different from their true values).
Thus, the apparent difference in average flows at the
two boundaries might not be meaningful.

At the downstream boundary of the study area,
streamflow totals 322,000 acre-ft/yr from the Carson
River near Fort Churchill and irrigation diversions in
the Buckland Ditch (table 3). Flow in the Buckland
Ditch has been gaged for the entire water year only
from 1963 to 1971; flow from May to September has
been reported by the Federal Water Master from 1978
through 1994. The average annual flow of 10,000 acre-
ft/yr was estimated by assuming that the ratio of May-
to-September flow to total annual flow from 1963 to
1971 was the same for water years 1980-85 and 1991-
94. In recent years, diversions through Buckland Ditch
have been managed to provide more efficient use of
water during the nonirrigation season (Garry Stone,
Federal Water Master, oral commun., 1995). Thus, the
value of 10,000 acre-ft/yr could be overestimated.

The difference between outflow near Fort
Churchill and inflow of the Carson River at Deer
Run Road implies a loss of about 10,000 acre-ft/yr
through the Mound House, Carson Plains, and Bull
Canyon subbasins. Again, accuracy of the gaged
flows (record accuracy at the Fort Churchill gage is
reported as fair), and the estimated value for flow of
the Buckland Ditch, makes this value approximate.
Also, additional gains or losses could take place
through the reach.

When more record is available at the Carson
River at Dayton gage, a similar analysis can be made
for stream losses through the Mound House subbasin
and from Carson Plains through the Bull Canyon
subbasin.

Instantaneous measurements of flow that have
been made at several points along the Carson River
through the study area provide more accurate data
from which to estimate gains and losses. These types
of measurements are called seepage measurements

and are generally made during periods of low flow
when the accuracy of individual measurements
(about 5 percent) will provide the most meaningful
differences in measured flow. Because measurements
are made at low flows, flow losses provide only min-
imum loss rates. Measured flow gains are probably
more representative of the average rate of ground-
water discharge to the channel, because rates of
ground-water flow are more constant than the rates
of surface-water flow.

The first recorded seepage measurements in
the Dayton Valley Hydrographic Area were made
during September 1966 (U.S. Geological Survey, 1974,
p- 1132 and 1133). Two other seepage measurements
were made, in September of 1992 and 1994 (Hess and
others, 1993, p. 404-405; Clary and others, 1995,

p- 556-557). During all three seepage measurements,
flows ranged from about 10 to less than 1 ft3/s. In
analyzing the flow measurements, streamflow is
assumed to be in equilibrium and it is assumed that no
unmeasured tributary flow is entering, diverted flow
is leaving, the river channel between measurement
sites. Table 4 summarizes the rates of gains and losses
measured across each subbasin.

In the Riverview subbasin, seepage measure-
ments indicate a net loss of flow ranging from 3.6 to
9.6 ft’/s. During 1966 and 1992, flow losses of 2.6 and
1.7 £t3/s, respectively, were measured between the
Carson City gage and the diversion for Mexican Ditch
(U.S. Geological Survey, 1974, p. 1132; Hess and
others, 1993, p. 404). Measurements show a net loss
of flow in the Mound House subbasin ranging from
0.9 t0 3.0 ft’/s (table 4). However, during 1994, a reach
extending about 4 mi downstream from the Deer Run
Road gage gained about 2.0 ft3/s (Clary and others,
1995, p. 556). In the Carson Plains subbasin, measure-
ments show a net gain in streamflow ranging from
2.2104.9 ft’/s. During 1966, measurements suggest
a losing reach from the western boundary of the Carson
Plains subbasin to about 2 mi northeast of Dayton
(U.S. Geological Survey, 1974, p. 1132). However,
it is not clear if diversions for irrigation south of the
river were active or accounted for at that time. In the
Bull Canyon subbasin during that same year, flow
losses ranging from 3.3 t0 4.9 ft3/s were measured.

Seepage measurements indicate that the Carson
River loses flow through all subbasins, except Carson
Plains, in the Dayton Valley Hydrographic Area.
During 1994, some wells near the downstream end
of the Carson Plains subbasin were observed to be
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Table 4. Gain or loss of Carson River streamflow in
subbasins of Dayton Valley Hydrographic Area,
Nevada, based on seepage measurements and
simulations

[Abbreviations: ft¥/s, cubic feet per second; acre-ft/yr, acre-feet per
year.]

Seepage measurements Average difference
in flow, from

simulations !

Date Difference in flow

(ft ¥s) (acre-ftiyr)
Riverview
9-8-66 3.6 loss 2
9-9-92 4.2]oss? 3,000 loss
9.28-94 9.6 Ioss 4
Average 5.8 Toss
(4,200 acre-ft/yr)
Mound House
9-8-66 0.9 loss?
9.9.92 3.0 loss® 2,100 loss
9-28-94 2.6 loss?
Average 2.2 1loss
(1,600 acre-ft/yr)
Carson Plains
9-8-66 4.9 gain?
9-9-92 2.2 gain® 21 gain
9-28-94 2.8 gain®
Average 3.3 gain
(2,400 acre-ft/yr)
Bull Canyon
9-8-66 4.9 Toss?
9-9-92 4.0 loss’ 1,900 loss
9.28-94 3.3 loss*
Average 4.1 loss
(3,000 acre-ft/yr)
Net loss,
in acre-ft/yr 6,400 7,000

1 Average for water years 1980-85 and 1991-94 from Glen W.
Hess, U.S. Geological Survey, written commun., 1996.

2U.S. Geological Survey, 1974, p. 1132-1133.
3 Hess and others, 1993, p. 404-405.
4 Clary and others, 1995, p. 556-557.

pumping. Some part of the gains in flow in this and
other years could be attributed to irrigation return flow
from ground-water pumping in the fall of dry years to
provide irrigation for winter forage. Additional seep-
age measurements would allow confirmation and
refinement of streamflow gains through the Carson
Plains subbasin.

A recently developed surface-water flow model
of the Carson River provides additional, and probably
more accurate, estimates of streamflow gains and
losses through the study area (Hess, 1996). This model
is a physically based flow-routing model using a com-
puter code called Hydrological Simulation Program-
FORTRAN (HSPF, Bicknell and others, 1993). The
model uses a modified kinematic-wave algorithm to
route flow within 2- to 3-mi reaches of the river. The
model summarizes available streamflow data from
gaging stations and diversion data from the Federal
Water Master. Daily streamflow is modeled using the
flow data, measured stream cross sections, channel
slope and roughness, estimates of evaporation rates,
losses to phreatophytes, return flow, tributary inflow,
and constant gains from or losses to ground water. The
model predicted observed annual streamflow at the
Deer Run Road gage within 1.6 percent for water years
1990-92, and matched observed annual streamflow at
the Fort Churchill gage for water years 1978-92 (Glen
W. Hess, U.S. Geological Survey, written and oral
communs., 1996). Seepage measurements discussed
above were used to control model calculations of daily
ground-water gains and losses.

Daily gains from and losses to ground water
calculated by the model for reaches within each sub-
basin were summarized (Glen W. Hess, U.S. Geologi-
cal Survey, written commun., 1996) and average values
were calculated for a 10-year period (water years 1980-
85 and 1991-94, table 4). The resuiting average annual
gains and losses are considered to be better estimates
than those obtained using the average of the three seep-
age measurements. In the Riverview, Mound House,
and Bull Canyon subbasins, the model simulated losing
reaches for each year of the simulation, resulting in
average annual losses of 3,000, 2,100, and 1,900 acre-
ft/yr, respectively. In the Carson Plains subbasin, the
model simulated a net loss in normal-to-wet years and
a net gain during dry years, resulting in an average
annual gain of 21 acre-ft/yr over the 10-year period.
This result seems reasonable because the Carson Plains
subbasin has a broad alluvial plain in which the
ground-water gradient replicates the channel gradient
of the Carson River. Thus, small differences in stream
stage and ground-water levels can change the reach
from gaining to losing. The interchange of water
between the Carson River and the ground-water system
in the broad alluvial plain is complex and variable.
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To provide a qualitative check on the seepage
measurements and results of the model simulations,
water levels in 13 wells near the Carson River were
surveyed relative to stream stage in the fall of 1995.
The data also allow the potential for interchange
between the Carson River and ground water on a single
side of the stream channel to be assessed. Where the
altitude of the stream stage is higher than the water
level in the adjacent aquifer, the reach has potential
to lose flow and supply recharge to ground water.
Conversely, where the water level in the adjacent
aquifer is higher than the stream stage, ground water
potentially can discharge to the river. The rate at which
water moves between the two systems is determined by
the difference in water level between the aquifer and
stream and the hydraulic conductivity of sediments
through which the water moves.

For each site, the gradient between water levels
in the aquifer and in the stream, and whether each
reach is gaining and losing, is indicated in table 5.
The horizontal distance used to calculate the gradient
was measured perpendicular from the river to the well.
A component of ground-water flow could exist in a
direction subparallel to the river. Thus, the horizontal
distance is a minimum value, and the gradient is a
maximum value. The gradient values are presented
for comparison with future measurements. The range
in stream stage recorded from peak flows during
March 1995 during runoff of a wet year, to low flow
in September 1995, was about 8 ft at the Carson City
gage, about 10 ft at the Deer Run Road gage, and about
7 ft at the Dayton gage. Water-level data in March are
not available for the measured wells. Additional water-
level measurements during high-stream stage in the
spring would determine the change in flow direction
and gradient.

In the Riverview subbasin, water levels in wells
on the west side of the river (wells R-5 and R-17) indi-
cate ground-water flow to the river. Seepage losses
from the Mexican Ditch and subsurface flow from the
Eagle Valley Hydrographic Area probably maintain
high ground-water levels on the west side of the river.
On the east side of the river at well R-18 (pl. 3), mea-
surements indicate flow from the river to ground water,
with a large difference in head. Wells R-12 and R-16
east of the river show small differences in head, sug-
gesting that the river has a potential to gain flow during
low flows and to lose flow during periods of moder-
ately high stream stage. In the Mound House subbasin,
well M-12 shows that the reach is losing, with a large
difference in head.

Table 5. Vertical difference in altitude and hydraulic
gradients measured between ground-water level and
river stage for selected sites in Dayton Valley
Hydrographic Area, Nevada

Site Vertical  Horizontal Hydraulic
(pl.3, Date difference’ distance?  gradient?
app. 2) (feet) (feet) (feet per foot)
R-18  09-18-95 -7.82 950 -0.008
12-11-95 -8.45 -.009
R-17  09-18/95 3.66 150 .024
12-11/95 1.99 .013
R-16  09-19-95 -70 750 -.001
12-11-95 .65 .001
R-12  12-11-95 1.74 550 .003
R-5 06-16-95 7.97 2,700 .003
09-01-95 13.91 .00s
M-12 09-19-95 -16.29 600 -.027
12-14-95  -10.22 -.017
C-17 01-09-96 4368 800 .01
C-19 09-20-95 8.01 1,950 .004
12-14-95 8.36 .004
C-14 09-26-95 -4.45 400 -.010
12-14-95 -5.26 -.010
C-23  10-03-95 4.71 3,200 .001
12-14-95 3.40 .001
C-31  09-27-95 2.17 1,450 .001
12-14-95 1.28 .001
C-29 10-03-95 -1.09 1,150 -.001
12-14-95 -1.70 -.001
B-1 10-03-95 -2.63 2,500 -.001

1 Vertical difference is water-level altitude minus stream-stage
altitude. Positive value indicates gaining reach; negative value
indicates losing reach.

2 Measured perpendicular from river to well. If component of
down-valley ground-water flow exists, listed value is a minimum.

3 Positive value indicates gaining reach; negative value indicates
losing reach. Because horizontal distance is a minimum value, listed
gradient is a maximum.

4 Stream stage estimated.

In the western part of the Carson Plains subbasin,
measurements at most wells (C-17, C-19, C-23, and
C-31) indicate ground-water flow to the river. Observa-
tion well C-14 near the town of Dayton is near a munic-
ipal supply well, which is also near the river, and
probably induces flow from the river to ground water.
At well C-29 and in the Bull Canyon subbasin (well
B-1), measurements indicate flow from the river to
ground water. Thus, at moderate stream stages,
the river should become a losing reach about 4 mi
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northeast of Dayton. Seepage measurements made only
at the boundaries of the subbasin could include the
effects of both gaining and losing reaches.

Measurements of river stage and ground-water
levels show that gains to and losses from the Carson
River differ with location along the river, from one
bank to the other, and with stream stage. Existing data
do not allow accurate estimates of the volumes of water
gained by or lost from the Carson River. Installation
of additional wells would allow gaining and losing
reaches to be more closely delineated, and allow more
meaningful seepage measurements to be made. These
data would allow more accurate estimates of the vol-
umes of water interchanged between the Carson River
and the adjacent aquifers.

Ground-Water Distribution and Movement

Ground water moving through consolidated rocks
and basin-fill sediments in the study area can originate
from (1) precipitation within the study area, (2) stream-
flow in the Carson River and its tributaries, (3) subsur-
face flow from adjacent areas, or (4) water imported
from outside the hydrographic area.

Ground water originating from precipitation
flows from the mountain blocks toward the valley
floors. Part of the precipitation that falls on the moun-
tain blocks is lost to the atmosphere by evaporation and
by transpiration of vegetation, part runs off as stream-
flow, and part infiltrates into weathered or fractured
zones in consolidated rocks or alluvium beneath the
stream channels. Water that infiltrates can flow toward
streams and seep into stream channels where the water
table is higher than the stream bed, or move beneath the
stream channels toward the valley floors. Where the
water table is lower than the bottom of stream chan-
nels, streamflow infiltrates to recharge ground water.
Data presented by Thomas and Lawrence (1994, p. 45)
on the carbon-14 age of ground water show that ground
water from two wells in the Carson Plains subbasin
near the base of the Virginia Range and the Pine Nut
Mountains is of recent age and this ground water prob-
ably was recharged by infiltration of streamflow from
the mountains. Ground-water recharge from precipita-
tion on the valley floors is thought to be minimal
(Glancy and Katzer, 1976, p. 47).

Water flows from the Carson River and its diver-
sions to the adjacent aquifer where the water table is
lower than the stream stage. Geochemical data also
show recent recharge to ground water near the river

(Thomas and Lawrence, 1994, p. 20 and 45). However,
because ground-water discharge by crops and phreato-
phytes is concentrated along the river channel, some
part of the stream losses supports consumptive use by
vegetation. Most ground-water recharge from stream-
flow of the Carson River probably occurs during winter
months when evapotranspiration is minimal and stream
stage is high. Some or all of this recharge could be lost
during summer months when stream stage declines and
evapotranspiration rates are at a maximum.

Under natural conditions, ground water originat-
ing from infiltration along the Carson River might not
move far from the channels of the river and its diver-
sions. The carbon-14 age of ground water about 1 mi
north of the river near the eastern boundary of the
Carson Plains subbasin is about 4,800 years (Thomas
and Lawrence, 1994, p. 45). Additional data on tritium
concentrations and carbon-14 ages would more clearly
show the extent of recharge from the Carson River.

The boundaries between hydrographic areas and
between subbasins of the Dayton Valley Hydrographic
Area are based mainly on topography and are not
necessarily ground-water divides. Where ground-water
levels are higher on one side of a boundary than on the
other, the potential for interbasin flow exists. The rate
and volume of interbasin flow depends on the gradient
across the boundary and the permeability of aquifer
materials beneath the boundary.

Imported water that infiltrates to the water table
is also a source of recharge to ground water. Water
is imported into the hydrographic area through the
Virginia City siphon, through the municipal supply
system for Carson City, and through the pipeline that
transmits treated effluent from Carson City to a reser-
voir near the Brunswick Canyon drainage (pl. 1). Water
pumped from public supply wells in the Carson Plains
subbasin is imported to the Mound House subbasin.

The movement of ground water is affected by
the location of recharge and discharge, the degree of
fracturing and weathering of consolidated rocks, and
the geometry and stratigraphy of basin-fill sediments.
These factors control the altitude of the water table
at any given point. The direction of ground-water flow
can be determined from variations in the altitude of the
water table. Ground water flows at right angles to lines
of equal water-level altitude.

In the Carson and Eagle Valley Hydrographic
Areas and the three western subbasins of the Dayton
Valley Hydrographic Area, water-level measurements
at 106 wells, made mostly during December 1995,
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were used to develop lines of equal water-level altitude
(pl. 3). These lines were used to estimate the direction
of ground-water flow and to assess the potential

for interbasin flow. Prior to this study, water-level
measurements in the Riverview, Mound House, and
westernmost Carson Plains subbasins were sparse.
Water levels near the valley floor of the Carson Plains
subbasin were measured during 1981 and remeasured
at 30 wells during 1995 for this study. Water-level
measurements made from 1971 to 1982 in the Stage-
coach and Bull Canyon subbasins are reported by
Harrill and Preissler (1994, p. H22) and are used in
this study to describe ground-water movement in those
subbasins.

The following sections describe the occurrence
and movement of ground water near and within each
subbasin. Because few wells are in consolidated rocks
of the mountains, the following descriptions are limited
to ground-water flow in basin-fill sediments and con-
solidated rocks near the valley floor. The movement
of ground water in the mountain blocks is poorly
understood.

Riverview Subbasin

Beneath the floor of easternmost Eagle Valley, the
depth to water below land surface in December 1995
was generally less than 10 ft, increasing to almost 30 ft
beneath the north end of the valley (pl. 3). As land sur-
face rises toward the Mound House subbasin, depth to
water increased to over 100 ft. Depth to water also
increased to as much as 100 ft beneath the higher points
of land near the hydrographic-area divide (wells R-7
and R-10). In the Riverview subbasin near the Carson
River flood plain, depth to water was also generally
less than 10 ft. East of the Carson River, depth to water
increased from about 40 ft to over 200 ft as land surface
rises toward the Pine Nut Mountains. In the Carson
Valley Hydrographic Area south of the Riverview sub-
basin, depth to water was from 200 to about 400 ft
below land surface (pl. 3).

Near the northern part of the subbasin, water-
level contours are approximately parallel to the
boundary between the Eagle and Dayton Valley
Hydrographic Areas (pl. 3). These contours indicate
that ground water flows from Eagle Valley to the
Riverview subbasin beneath the boundary. The flow
direction changes from southward at a gradient of
about 0.06 ft/ft near the northern part of the boundary,
to eastward at a gradient of about 0.01 ft/ft north of
Prison Hill.

East of the Carson River at wells R-11 through
R-16 and R-18 (pl. 3), water levels are about the same
as or less than the altitude of the Carson River. Rather
than flowing toward the Carson River, ground water
east of the river could flow parallel to the river, or
toward the east through fractured metamorphic rocks
to a downstream reach of the river in the western
Mound House subbasin. This possibility is shown
by the 4,590- and 4,600-ft water-level contours.

Near the southern boundary of the Riverview
subbasin, water-level measurements are sparse.
Water-level altitudes in the northeasternmost part of
the Carson Valley Hydrographic Area are 160-270 ft
higher than at well R-18 in-the Riverview subbasin,
suggesting a potential for subsurface flow from Carson
Valley to the Riverview subbasin. However, the lack of
wells for water-level measurement near the subbasin
boundary makes such flow uncertain. Although the
Carson River flows through a bedrock narrows from
the Carson Valley Hydrographic Area to the Riverview
subbasin, some subsurface flow probably moves
through basin-fill sediments beneath the river channel.
Glancy and Katzer, (1976, p. 51) estimate underflow to
be about 15 acre-ft/yr.

Measurements of historical water-level fluctua-
tions have been made at few wells in and near the
Riverview subbasin. Water levels have been measured
by the Nevada Department of Conservation and Natu-
ral Resources since the mid 1970's at two wells (R-8
and R-9, app. 2) in Eagle Valley near the Riverview
subbasin, and by Carson City Utilities Department
since 1990 at four wells (E-6, E-8, E-15, and E-16,
app. 2) in the Riverview subbasin. Water levels at
selected wells were measured periodically from
February to December of 1995 for this study.

Near the northern boundary of the Riverview sub-
basin, water levels rose from about 5 ft below land
surface during 1975 to above land surface during 1979
when the monitoring well began to flow (well E-8,
pl. 3, app. 2). This was probably in response to infiltra-
tion of water applied for irrigation of the Eagle Valley
Golf Course that began during the fall of 1975.

West of the Carson River, water levels at sites R-8
and R-9 fluctuate in response to pumping at Carson
City municipal supply wells (pl. 1). Two monitoring
wells are installed at each site to depths of about 80
and 250 ft. During the summer months of 1994, when
municipal wells were being pumped, water levels in the
shallower wells declined about 1.5 ft at site R-8 and
about 4 ft at site R-9 (app. 2). Water levels in the deeper
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monitoring wells declined about 4 ft at site R-8 and
about 20 ft at site R-9. During winter months, munici-
pal pumping decreases and water levels rise. No long-
term net decline was measured from 1990 to 1994.

Water-level fluctuations near the subbasin bound-
ary influence the hydraulic gradient and the volume of
subsurface flow across the boundary. Continued moni-
toring of water levels will allow estimation of how
the volume of subsurface flow entering the Riverview
subbasin from the Eagle Valley Hydrographic Area
changes with time.

During 1995, water levels declined about 4-6 ft at
wells R-3 and R-4 near the west bank of the Carson
River from July to September as stream stage declined
about 7 ft (app. 2). East of the Carson River, water
levels rose about 1 ft from July to December at wells
R-12 through R-16, probably in response to decreases
in pumping at each individual well from summer to
early winter.

Mound House Subbasin

Depth to water during December 1995 was about
160 ft near the western subbasin boundary, and was
about 270 to almost 300 ft in volcanic rocks between
the Carson River and the western subbasin boundary.
Depth to water in basin-fill sediments was about 70 ft
below land surface north of U.S. Highway 50, decreas-
ing to about 30 ft below land surface south of the high-
way. No wells are in the area between the valley floor
of the Mound House subbasin and the Carson River,
the area south of the river, or the area along the bound-
ary between the Eagle Valley Hydrographic Area and
the northwestern part of the Mound House subbasin.
Thus, little is known about depth to water or ground-
water movement in those parts of the Mound House
subbasin.

Water-level contours (pl. 3) show a gradient to
the southeast at about 0.05 ft/ft north of U.S. Highway
50, decreasing to about 0.02 ft/ft south of the highway
in basin-fill sediments. Where wells are available for

adequate control, water-level contours cross the
hydrographic-area and subbasin boundaries at approx-
imately right angles. This suggests that ground-water
flow across these boundaries is minor. However, the
lack of wells near the easternmost side of the subbasin
north of the Carson River makes this conclusion
tenuous.

Water-level altitudes between the valley floor
of the Mound House subbasin and the Carson River
are not known, but can be inferred by the location of
springs and dry stream beds. Where springs flow, the
water-level altitude must be equal to, or slightly higher
than, land-surface altitude. Where stream beds are dry,
the water-level altitude must be less than the land-
surface altitude. The locations of springs and dry
stream channels were used as controls to draw the
dashed water-level contours shown on plate 3. South
of U.S. Highway 50, springflow is found at an altitude
of about 4,700 ft (pl. 3). Other stream beds east of this
location are dry.

The direction of ground-water flow shown by
the water-level contours on plate 3 suggests that
ground-water flow is toward the Carson River from the
northern part of the Mound House subbasin. However,
seepage measurements made at periods of low flow
show that the river reach through the Mound House
subbasin is losing streamflow (table 4). This fact, and
the greater depth to water in wells screened in volcanic
rocks compared to those screened in basin-fill sedi-
ments, suggests that ground water in basin-fill sedi-
ments may be perched above or poorly connected with
a deeper water table in underlying volcanic rocks.
Perched water tables develop when zones of low
permeability inhibit downward movement of water and
an unsaturated zone develops between the perched
ground water and the water table. Installation of wells
through the basin-fill sediments and into the underlying
volcanic rocks would confirm this hypothesis. Wells
installed between the valley floor and the Carson River
would allow more accurate measurement of the gradi-
ent within volcanic rocks north of the Carson River.

Water-level fluctuations in the Mound House
subbasin have been measured only at municipal supply
wells by Dayton Utilities. However, because these
wells are being pumped much of the time, the water
levels measured at various times after the wells are
turned off are mostly an indication of the rate of recov-
ery at each individual well and do not supply informa-
tion on regional water-level fluctuations. Water levels
measured for this study in and near the subbasin
showed little fluctuation from July to December 1995
(app. 2). Water levels rose in some wells (E-1, M-13,
M-7, and M-8), probably in response to decreased
pumping of the wells from summer to winter months.
Continued monitoring of water levels would show if
existing pumping is causing net water-level declines.
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Carson Plains Subbasin

Depth to water measured in wells is greatest in
the western part of the subbasin. Static water levels
measured in wells that supply Mound House within the
Carson Plains subbasin and in the mountain block of
the Virginia Range range from 100 to more than 200 ft
below land surface (wells C-1 and C-2, pl. 3). Depth to
water decreases from about 130 ft northeast of the
boundary between the Mound House and Carson Plains
subbasins, to about 30 ft near the junction of Nevada
Highway 341 and U.S. 50. Around the perimeter of the
valley floor, depth to water is about 270 ft west of
Dayton (well C-12), over 200 ft in the northernmost
part of the valley (well C-46), and over 100 ft south of
the Carson River (well C-21). Depth to water in allu-
vial sediments at the base of the Pine Nut Mountains
and at the mouth of Eldorado Canyon is unknown.
Depth to water decreases to about 50 to 60 ft near the
center of the subbasin. Close to the Carson River, depth
to water is less than 20 ft.

Water-level contours shown on plate 3 indicate
that ground water flows from west to east through
basin-fill sediments in the westernmost part of the
subbasin. The hydraulic gradient decreases from about
0.06 ft/ft to about 0.02 ft/ft near the intersection of
Nevada State Route 341 and U.S. Highway 50, then
increases to about 0.03 ft/ft between the intersection
and the valley floor near Dayton. On the valley floor,
ground water flows to the northeast, parallel to the
Carson River, at very low gradients ranging from 0.005
ft/ft near Dayton to 0.001 ft/ft near the eastern side of
the subbasin. The low gradients and the presence of
highly productive wells in the valley suggest that aqui-
fers beneath the valley floor are highly permeable.

South of the Carson River, springs are at an
altitude of about 4,960 ft in alluvial sediments at the
base of the Pine Nut Mountains. If the springs represent
the altitude of the water table, a steep gradient of about
0.05 ft/ft exists toward the valley floor. However, the
springs could be flowing from a perched water table.
Because the alluvial sediments probably have a rela-
tively high permeability, and if the saturated thickness
of the sediments is large, the steep gradient suggests
that ground-water inflow from the base of the Pine Nut
Mountains and the mouth of Eldorado Canyon could
be large. Installation of additional wells would show
whether the springs emanate from perched ground
water, and would allow an assessment of the volume
of subsurface flow toward the valley floor.

Steep gradients of 0.17 to 0.09 ft/ft are also indi-
cated by water levels in consolidated rocks along Six-
Mile Canyon. Here, the steep gradient is probably a
result of the relatively low permeability of the consoli-
dated rocks as a whole. The gradient between water
levels in consolidated rocks and basin-fill sediments
near the mouth of Six-Mile Canyon is about 0.05 ft/ft.
The large difference in gradients measured in consoli-
dated rocks and basin-fill sediments suggests that
basin-fill sediments are much more permeable than the
consolidated rocks in the mountain blocks.

As of 1995, water levels in the eastern part of the
Carson Plains subbasin are about 30 ft higher than
those in the western part of the Stagecoach subbasin
(pl. 3). Harrill and Preissler (1994, p. H10) show that,
prior to 1971, water levels in the western part of the
Stagecoach subbasin were at an altitude of about 4,255
ft, or about 15 ft lower than those in the eastern part of
Carson Plains. Ground-water withdrawals in Stage-
coach since 1971 have caused water levels to decline,
increasing the hydraulic gradient between the two sub-
basins. Thus, ground water may flow through consoli-
dated rocks that form the topographic divide. Granitic
rocks underlie the northernmost part of the divide,
whereas andesitic and basaltic volcanic rocks form the
southern part of the divide (pl. 2). The volcanic rocks
are considered permeable to ground-water flow
between the Stagecoach subbasin and the Carson River
(Harrill and Preissler, 1994, p. H11; Harrill and others,
1993, p. 181). If so, ground water could flow from the
Carson Plains to the Stagecoach subbasin.

Thomas and Lawrence (1994, p. 16) present data
showing that the deuterium composition of ground
water on the western side of the Stagecoach subbasin
could result from a mixture of ground water from two
areas in the Carson Plains subbasin. Two well waters
sampled on the eastern side of the Carson Plains sub-
basin have compositions that, if mixed, would result in
a composition similar to that sampled from a well on
the western side of the Stagecoach subbasin. Although
not conclusive evidence, the data do not preclude
subsurface flow from Carson Plains to the Stagecoach
subbasin.

Seasonal, annual, and long-term water-level
fluctuations in the Carson Plains subbasin are generally
less than 10 ft (fig. 3A). Fluctuations have been mea-
sured periodically near the center of the valley floor
since about 1975 at well C-34. There, water levels
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divides. Such flow is commonly called subsurface flow
(Glancy and Katzer, 1976, p. 51). Because recharge
and discharge are commonly defined as flow into or
out of the saturated zone of an aquifer (Freeze and
Cherry, 1979, p. 211), subsurface flow from one basin
to another is not strictly considered recharge or dis-
charge. Subsurface flow into or out of the hydrographic
area or subbasins is combined with estimates of re-
charge and discharge to obtain total inflow or outflow
for each area.

The methods used to obtain estimates for individ-
ual water-budget components are discussed below. The
estimated budgets for each subbasin and for the entire
Dayton Valley Hydrographic Area follow.

Recharge

Recharge from infiltration of precipitation has
been estimated for many basins in Nevada using the
Maxey-Eakin method (Watson and others, 1976). The
Maxey-Eakin method was initially developed for 13
basins in east-central Nevada (Maxey and Eakin, 1949,
p. 40). The method was developed by trial and error;
different recharge percentages were assigned for each
of the major precipitation zones on the annual precipi-
tation map of Hardman (1936; Hardman and Mason,
1949, p. 10) until total recharge matched the estimated
discharge in each of the 13 basins. Thus, the method
assumed that the basins used in the analysis were in
hydrologic equilibrium and that average annual
recharge equaled average annual discharge. The final
percentages obtained were: zero recharge where annual
precipitation is less than 8 in. (generally the valley
floors), 3 percent from 8 to 12 in., 7 percent from 12 to
151n., 15 percent from 15 to 20 in., and 25 percent for
areas receiving over 20 in. of precipitation (Maxey and
Eakin, 1949, p. 40). The method was later modified
(Eakin, 1960, p. 12) by relating precipitation to alti-
tude, and using altitude zones in place of the original
precipitation zones from the Hardman map. Although
empirical in nature, with uncertainty as to how accurate
the method might be for basins other than those for
which 1t was developed, the Maxey-Eakin method has
been used to estimate recharge to over 200 basins in
Nevada (Watson and others, 1976, p. 335).

Unknown amounts of uncertainty or inaccuracy
are inherent in the application of the Maxey-Eakin
method and the resulting estimates of recharge. Uncer-
tainties in the method are inherent because the uncer-
tainty or accuracy of the estimates of discharge, upon

which the recharge estimates are based, is unknown.
Also, an alternative set of recharge percentages could
be used to derive a balance between recharge an dis-
charge. However, workers attempting to do so con-
cluded that the uncertainty associated with an alter-
native set of percentages is probably as great as with
the original percentages, and both provide only a first
approximation of actual recharge (Watson and others,
1976, p. 347).

Descriptions of the Maxey-Eakin method do not
clearly state that recharge from infiltration of runoff
is included in the estimate of recharge. Inclusion of
recharge from runoff is implied when Eakin and Maxey
(1951, p. 81) justify a larger amount of recharge to
Ruby Valley, Nev., than to basins of similar size
because the steep slopes in the basin "favor a high
percentage of runoff to the area of recharge.” This
further implies that recharge estimated from within
each precipitation zone does not necessarily take place
within the geographic location of the zone. Because of
this, and because the method was developed for entire
basins, the accuracy of the method when applied to
smaller portions of a basin is also uncertain.

In addition, the accuracy of the method is uncer-
tain when applied to precipitation distributions differ-
ent than those for which the method was developed
(the Hardman map) or basins where the valley floor
receives more than 8 in. of annual precipitation. In
basins near the Sierra Nevada, where precipitation is
greater than in eastern Nevada, the original recharge
percentages have been adjusted to account for greater
precipitation (Glancy and Katzer, 1976, p. 48). Recent
work in western Eagle Valley has shown that estimates
of subsurface flow beneath three drainage basins,
combined with estimates of streamflow infiltration
from each drainage basin, are in general agreement
with recharge calculated using the Maxey-Eakin
method and a precipitation distribution different from
the 1936 Hardman map, except where bedrock beneath
the drainage basin is exceptionally permeable (Maurer
and others, 1996, p. 33). Although not conclusive,
this work suggests that, in at least some places,
the Maxey-Eakin method may produce reasonable
estimates of recharge for individual drainage basins of
a hydrographic area and for precipitation distributions
different from those used to develop the method.

Recent work by Nichols (1994, p. 3268) suggests
that rates of ground-water discharge by phreatophytes
measured in northern and central Nevada could be up
to five times greater than the estimates used to develop
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the Maxey-Eakin method. Because the original re-
charge percentages were based on estimates of dis-
charge that may have been too low, more water may
be moving through the hydrologic system than pre-
viously thought. Thus, recharge calculated by applying
the Maxey-Eakin percentages to precipitation amounts
greater than those used to develop the method could
still be reasonable.

Despite the limitations and uncertainties in using
the Maxey-Eakin method, no other method has been
developed to estimate recharge from precipitation that
falls within the study area. The method is also the most
reasonable tool available to apportion recharge to indi-
vidual subbasins within the hydrographic area and to
allow comparison with water budgets determined in the
reconnaissance report by Glancy and Katzer (1976).
In this report, recharge estimated by the Maxey-Eakin
method is assumed to include recharge from infiltration
of precipitation and streamflow generated within the
hydrographic area or subbasin.

Using the distance-altitude relation and the 1996
Nevada Precipitation map, annual precipitation in the
Dayton Valley Hydrographic Area has been shown
to be potentially about 40 percent greater than that
estimated using the precipitation-altitude relation pre-
sented by Glancy and Katzer (1976, p. 48) (table 2).
Applying the Maxey-Eakin method to all three esti-
mates of mean annual precipitation provides a range
of possible estimates to be compared with discharge
estimates. Also, using three different precipitation dis-
tributions allows evaluation of the sensitivity of the
method to the distribution of precipitation. To be con-
sistent with the reconnaissance study by Glancy and
Katzer (1976), the percentage of recharge for areas
receiving more than 20 in. of annual precipitation is
assumed to be 20, rather than 25 percent (table 6).

Streamflow that infiltrates from the Carson River
in the hydrographic area is considered to be an addi-
tional source of recharge. Average losses to ground
water from the Carson River simulated over a 10-year
period using a streamflow model (Hess, 1996) are used
to estimate average annual recharge from infiltration
of streamflow of the Carson River (Glen W. Hess, U.S.
Geological Survey, written commun., 1996) (table 4).

Infiltration of imported water and secondary
recharge is also considered an additional source of
recharge. Estimates of recharge from imported water
are made using the same assumptions used to estimate
secondary recharge. Estimates of secondary recharge
from irrigation of lawns or crops and from septic tanks

Table 6. Estimated recharge for (A) Dayton Valley

Hydrographic Area and (B) subbasins, using three different
precipitation distributions. Summarized from appendix 1

[Abbreviations: acre-ft/yr, acre-feet per year; in/yr, inches per year]

A. Recharge to Dayton Valley Hydrographic Area

Precipitation Estimated Estimated
. Percent

range precipitation recharge recharge

(infyr) (acre-ft/yr) 9 (acre-ft/yr)

Altitude-precipitation relation of Glancy and Katzer
(1976, p. 48), using digital elevation model

> 20 1,400 20 280

15-20 16,000 15 2,400

12-15 48,000 7 3,400

8-12 59,000 3 1,800

<8 53,000 minor 0

Total (rounded) . . 180,000 7,900

Distance-altitude relation

> 20 300 20 60

15-20 27,000 15 4,100

12-15 56,000 7 3,900

8-12 83,000 3 2,500

<8 37,000 minor 0

Total (rounded) . . 200,000 11,000

1996 Nevada precipitation map

<20 53,000 20 11,000

15-20 69,000 15 10,000

12-15 46,000 7 3,200

8-12 62,000 3 1,900

<8 21,000 minor 0

Total (rounded) . . 250,000 26,000

B. Recharge to individual subbasins

Altitude-
precipitation
relation of . 1996
: Glancy and Distance- Nevada
Subbasin 1y altitude e
Katzer ' using relation precipitation
digital elevation map
model (1976,
p. 48)

Recharge estimated from precipitation distribution (acre-ft/yr)
Riverview ...... 250 440 1,500
Mound House . . . 720 1,100 3,000
Carson Plains. . . . 5,100 6,800 16,000
Stagecoach .. ... 560 800 1,500
Bull Canyon .. .. 1,200 1,400 3,700

Total (rounded). . . 7,800 11,000 26,000

! Glancy and Katzer did not make estimates for individual subbasins of
Dayton Valley; difference in total caused by rounding.
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have been made but are based on little data. Harrill
(1973, p. 62) estimated that 20 percent of water used
for lawn watering in a valley north of Reno became
recharge. Harrill and Preissler (1994, p. H41) estimated
that 16 percent of the water pumped for crop irrigation
returned to the ground-water system in the Stagecoach
subbasin. Harrill and Moore (1970, p. 70) estimated
that secondary recharge from irrigation in Paradise
Valley, Nev., averaged 40 percent. In this report,

20 percent of water pumped for domestic use and
20-40 percent of water pumped for agricultural use

is assumed to become secondary recharge from irriga-
tion of lawns or crops (table 7).

Probably most of the water entering the subsur-
face from septic systems becomes recharge. Data from
sewage-treatment plants in the Dayton Valley Hydro-
graphic Area indicate that discharge to the plants aver-
ages about 0.15 acre-ft/yr per home (James Williams,
Nevada Department of Environmental Protection, writ-
ten commun., 1995; Don Allen, Dayton Utilities, oral
commun., 1995; and Barbara Bowers, Virginia City
Water Co., oral commun., 1995). This value was used
to estimate secondary recharge from septic tanks. The
number of septic tanks in an area was determined by
the number of houses counted on aerial photographs
taken in 1994, in areas where municipal sewage treat-
ment is not available. The volumes of effluent dis-
charged by municipal treatment plants are available
from the Nevada Department of Environmental
Protection (James Williams, written commun., 1995).
An estimate of the portion that becomes recharge was
made, depending on the method of effluent disposal
(table 7).

Discharge

Volumes of ground water pumped for municipal
and industrial use are available from the records of the
various utilities which supply the water and records
of the Nevada State Engineer (table 8). Most water
pumped for industrial use is supplied by municipal
wells, except for a small amount pumped by a mine
in the Carson Plains subbasin (table 8). Thus, in this
report, ground water pumped for industrial use is
included in the estimate of municipal pumping.

Estimates of domestic pumping are based on an
annual use rate per home and the number of houses
counted on aerial photographs taken in 1994 in areas
where municipal water supply is not available. An
annual rate of 0.5 acre-ft/yr per home was used to

estimate domestic pumping (table 8). This is the aver-
age volume of water supplied to homes by municipal
water systems in the Dayton Valley Hydrographic Area
on the basis of data from the Carson City Utilities
Department (Dorothy Timian-Palmer, oral commun.,
1995); Dayton Utilities (Don Allen, written commun.,
1995), Stagecoach General Improvement District
(Lynne Arndell, written commun., 1995), and the
Nevada Division of Water Resources (Kim Gronewald,
written commun., 1995).

Agricultural pumping is mainly in the Carson
Plains and Stagecoach subbasins. Estimates of agri-
cultural pumping in the Carson Plains and Stagecoach
subbasin are available from the Nevada Division of
Water Resources (Tracy Taylor and Stephen Walmsley,
written commun., 1983) and Harrill and Preissler
(1994, p. H20), respectively, for the early 1980's (table
8). Estimates made by the Nevada Division of Water
Resources were obtained by multiplying water-righted
acreage by a 4 acre-ft/yr use rate and dividing by two,
assuming that pumps were used, on average, for half
the irrigation season in average-to-dry years. Estimates
of agricultural pumping in the Carson Plains subbasin
were updated by not including pumping estimated by
the Nevada Division of Water Resources for irrigated
land taken out of production from 1983 to 1994 (pl. 1).
Aerial photography suggests that the amount of land
irrigated in the Stagecoach subbasin has changed little
as of 1994.

Seepage measurements suggest that ground-
water is discharged to the Carson River mainly in the
Carson Plains subbasin. Simulations of Carson River
streamflow are used to estimate the quantity of dis-
charge (Glenn W. Hess, U.S. Geological Survey,
written and oral commun., 1996).

Discharge by phreatophytes and consumptive
use by crops is estimated by applying a range in rates
of use to the area covered by phreatophytes and irri-
gated crops (table 9). These areas were determined
from mapping done by Glancy and Katzer (1976, pl. 1),
who delineated the combined area of phreatophytes
and irrigated land along the Carson River. For this
study, small additional areas of phreatophytes were
mapped near Mound House, and aerial photography
taken in 1994 was used to delineate irrigated lands near
the river. Mapped areas were digitized and acreages
were determined by computer.

Glancy and Katzer (1976, p. 63) estimated the
area covered by phreatophytes (6,700 acres) by sub-
tracting the area of irrigated crops reported in 1974 by
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Table 7. Sources and estimates of secondary recharge to subbasins of Dayton Valley Hydrographic Area,
Nevada, 1994

[Abbreviation: acre-ft/yr, acre-feet per year. Symbol: --, minor or zero]

Estimated secondary recharge (acre-ft/yr)

Estimated
Subbasin nusr:gzzof _ , Lawn . Ground Total
systems ! Septic systems watering Effluent v:::ei: r;i::::izc:‘d (rounded)
Riverview .. ... 150 20 450 3100 - 170
Mound House . . 520 80 640 30 -
7300 450
Carson Plains. . . 1,300 200 8480 %240 10500-1,000  1,400-1,900
Stagecoach. . . . . 510 75 ligg - 12150 280
Bull Canyon. . . . 10 1 B3 - 1410-20 20-30
Total (rounded) . 2,500 380 630 670 660-1,200  2,300-2,800

! Estimated from house count determined from aerial photography taken in 1994 and number of customers on municipal sewer
systems. Number of municipal customers from Dayton Utilities (Don Allen, oral commun., 1995) and Virginia City Water Company
(Barbara Bowers, oral commun., 1995).

2 Estimated to be 0.15 acre-ft/yr/system.

3 Estimated from volume of effluent treated by municipal plants. Data from James Williams, Nevada Department of Environmental
Protection, written commun., 1995.

4 Estimated to be 20 percent of the combination: domestic use of 75 acre-ft/yr and 165 acre-ft/yr used by 330 municipal customers
supplied by Carson City (table 8). Number of users determined from aerial photography taken in 1994,

3 Estimated to be 20 percent of 500 acre-ft/yr of effluent historically imported from Carson City for crop irrigation on land recently
(1995) converted to golf course.

6 Estimated to be 20 percent of the combination: 165 acre-ft/yr for municipal use (160 acre-ft/yr imported from Carson Plains
subbasin), and 50 acre-ft/yr for domestic use (table 8).

7 Recharge from effluent-holding reservoir near Brunswick Canyon estimated as difference between inflow from surface-water runoff
plus precipitation on reservoir surface (1,100 acre-ft/yr) (Gary Hoffman, Carson City Waste Treatment Plant, oral commun., 1996) and
estimated discharge by evaporation from reservoir surface (100 acre-ft/yr) and estimated evapotranspiration from vegetation near seep areas
(700 acre-ft/yr).

8 Estimated to be 20 percent of the combination: 930 acre-ft/yr for municipal use by Dayton Utilities customers, 220 acre-ft/yr imported
for municipal use by Virginia City Water Company customers, 390 acre-ft/yr for domestic use, and 840 acre-ft/yr used for irrigation of
Dayton Valley Golf Course (table 8).

9 Estimated from 2.8 acre-ft/yr from Gold Hill plant, 100-percent recharge; 63 acre-ft/yr from Six-Mile Canyon plant, 50-percent
recharge; 30 acre-ft/yr from Rose Peak plant, less 4 acre-ft/yr evaporation; and 180 acre-ft/yr from Dayton plant, less 4 acre-ft/yr evaporation.
Evaporation estimated to be 5 ft/yr from 250,000 ft? of surface area at both Rose Peak and Dayton plants.

10 Estimated to be 20-40 percent of 2,500 acre-ft/yr agricultural use (table 8).

" Estimated to be 20 percent of 290 acre-ft/yr municipal and domestic use (table 8).
12 From Harrill and Preissler (1994, p. H42).

13 Estimated to be 20 percent of 5 acre-ft/yr domestic use (table 8).

14 Estimated to be 20-40 percent of 60 acre-ft/yr agricultural use (table 8).
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Table 8. Ground-water withdrawals from subbasins of Dayton Valley Hydrographic Area, Nevada, 1994

[Abbreviation: acre-ft/yr, acre-feet per year. Symbol: --, indicates minor or zero]

Municipal Number of Domestic Number of  Agricultural Total withdrawals
Subbasin use’ municipal use 2 domestic use? (acre-flyr, rounded)
(acre-ft/yr) users’ (acre-ftfyr) users? (acre-ft/yr) yh
Riverview. . ... .. 3,700 3330 75 150 - 3,800
Mound House. . . . 65 640 50 100 - 60
Carson Plains . . .. 72,130 1,380 390 770 2,500 5,000
Stagecoach. .. ... 200 330 90 180 990 1,300
Bull Canyon..... -- -- 5 10 60 65
Total (rounded) . . . 6,000 2,680 600 1,200 3,600 10,000

! Data from Carson City Utilities Department (Dorothy Timian-Palmer, written commun., 1995), Dayton Utilities (Don Allen, written
commun., 1995), Stagecoach General Improvement District (Lynne Arndell, written commun., 1995), and Nevada Department of Water

Resources (Kim Groenewold, written commun., 1995).

2 Calculated as number of users multiplied by 0.5 acre-ft/yr/house (determined from municipal use divided by number of users for delivery
systems operated by Dayton Utilities, Stagecoach General Improvement District, and Carson City Utilities Department).

3 Estimated by house count from aerial photography taken in 1994 for areas outside municipal delivery system boundaries.

# Estimated for Carson Plains subbasin by Nevada Division of Water Resources (Tracy Taylor and Steve Walmsley, written commun.,
1984), supplemental pumping for average to dry years, adjusted for irrigated land taken out of production in 1994, Estimated for Stagecoach
subbasin by Harrill and Preissler (1994, p. H20) for 1982. Estimated for Bull Canyon subbasin assuming pumping from one well at 500 gal/min
for 25 days; inf ormation from Hodges Transportation (Alan Holley, oral commun., 1995).

5 Water pumped for municipal use in Riverview subbasin is imported to Carson City delivery system. Water pumped is not all used in
subbasin. Number of users determined from aerial photography taken in 1994.

6 Water pumped for municipal use from wells in Mound House subbasin; 160 acre-ft/yr imported from wells in Carson Plains subbasin.

7 Includes 930 acre-ft/yr pumped by Dayton Utilities; 840 acre-ft/yr pumped for irrigation of golf course by Dayton Valley Country Club;
200 acre-ft/yr pumped for industrial use at Alhambra mine; and 160 acre-ft/yr imported to Mound House subbasin.

the U.S. Soil Conservation Service (6,300 acres), from
the total area covered by both crops and phreatophytes
(13,000 acres). Areas determined for the present study
are 3,400 acres of irrigated crops and 8,400 acres of
phreatophytes (table 9) for a total area of about 12,000
acres. About 900 acres of phreatophytes mapped by
Glancy and Katzer (1976, p. 63) have been replaced by
development (see pl. 1 for areas of development over-
lying areas of phreatophytes). The area of irrigated
crops, 3,400 acres, is similar to a new estimate by the
U.S. Soil Conservation Service, 4,000 acres (Richard
Franklin, writien and oral commun., 1995). The U.S.
Soil Conservation Service (Richard Franklin, oral
commun.) also reports that the areas of irrigated crops
has changed little in 20 years. This suggests that the
irrigated area reported in 1974 was overestimated and,
thus, the area of phreatophytes from Glancy and Katzer
(1976, p. 63) was underestimated. Also, water-level
declines in the Stagecoach subbasin have caused
discharge by about 3,500 acres of phreatophytes to
decrease from 700 acre-ft/yr to 180 acre-ft/yr (Harrill
and Preissler, 1994, p. H42). The areas determined for
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the present study from aerial photography were used to
estimate discharge. However, more detailed mapping
would allow refinement of the estimates.

Previous estimates of ground-water discharge
rates by phreatophytes are 0.2 ft/yr in Stagecoach
Valley (Harrill and Preissler, 1994, p. H18) and 0.3 ft/yr
in Eagle Valley (Worts and Malmberg, 1966, p. 27).
These values include both evaporation from bare soil
and transpiration by phreatophytes. Recent work by
Nichols (1994, p. 3271) suggests that transpiration by
phreatophytes as a function of depth to water and leaf-
area index for a 100-day growing season could range
from 0.07 ft/yr, for a depth to water of 50 ft, to 0.8 ft/yr,
for a depth to water of 5 ft. For this study, the range in
rates used for evapotranspiration is assumed to include
both bare soil evaporation and plant transpiration.
Near the Carson River, where depth to water probably
ranges from 5 to 15 ft, rates of 0.2 and 0.6 ft/yr are used
to estimate the potential range in discharge (table 9).
For phreatophyte stands away from the Carson River,
rates reported by Nichols (1994, p. 3271) were used for
the depth to water measured in nearby wells.
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Consumptive use by alfalfa, the primary crop in
most of the area, has been estimated to range from
3.0 ft/yr to 4.8 ft/yr, depending on the method used to
calculate the rate—TR-21 Blaney-Criddle method or
FAO Blaney-Criddle method (U.S. Soil Conservation
Service, 1992, p. NV683-41). Near the Carson River
where crops are irrigated with surface water and
ground water is at shallow depth, crops probably derive
water for consumptive use from both surface water and
ground water. To account for the loss of water from
both sources, the total estimated range in consumptive
use is used to estimate this source of discharge

(table 9). In the Carson Plains subbasin where ground
water is pumped for irrigation in average-to-dry years,
the net volume of estimated agricultural pumping is
subtracted from estimates of crop consumptive use to
avoid a double accounting of discharge by crop con-
sumptive use (table 13). In the Stagecoach subbasin,
agricultural use of ground water is mainly for produc-
tion of sod. Secondary recharge from agricultural
pumping has been calculated to be 150 acre-ft/yr by
Harrill and Preissler (1994, p. H41). Consumptive
use in the Stagecoach subbasin is assumed to equal
net agricultural pumping (table 13).

Table 9. Evapotranspiration from phreatophyte areas and irrigated land in subbasins of

Dayton Valley Hydrographic Area, Nevada

[Abbreviations: acre-ft, acre-feet; ET, evapotranspiration; ft, feet; ft/yr, feet per year. Symbol: --, none]

Phreatophytes Irrigated land
Subbasin 1 2 Annual ET 1 3 Annual ET
(::::s) E}.ﬂ'}a: discharge (:::s) E'{f;a:a)e Consumptive use
y (acre-ft) 4 (acre-ft)
Riverview....... 500 0.2-0.6 100-300 900 3.0-4.8 2,700-4,300
Mound House . .. 300 0.2-0.6 60-200 -- -- --
Carson Plains. . . . 30 40.26 1,800 3.0-4.8 5,400-8,600
160 30.07

2,200 0.2-0.6 440-1,300
Stagecoach. . . . .. 3,500 635 7180 300 88 9840
Bull Canyon .. ... 1,700 0.2-0.6 340-1,000 400 3.0-4.8 1,200-1,900
Total (rounded). . . 8,400 0.2-0.6 1,100-3,000 3,400 3.0-4.8 10,000-16,000

1 Combined area of phreatophytes and irrigated land determined by Glancy and Katzer (1976, pl. 1); area of irrigated land

determined from aerial photography taken in 1994,

2Rate of 0.2 ft/yr from Harrill and Preissler (1994, p. H18); rate of 0.6 ft/yr from Nichols (1994, p. 3271), depth to water of 10

ft, canopy density of 0.25, and 100-day growing season.

3 Rate of 3 fi/yr is average for pasture and alfalfa using TR-21 Blaney-Criddle method; rate of 4.8 fi/yr is average for pasture
and alfalfa using FAQ Blaney-Criddle method. Rates estimated for Fernley, Nevada, area by U.S. Soil Conservation Service (1992,

p. NV683-41), base period 1941-1970.

4Rate 0f 0.26 ft/yr from Nichols (1994, p. 3271), assuming depth to water of 30 ft, canopy density of 0.25, and 100-day growing

season.

SRate 0f0.07 ft/yr from Nichols (1994, p. 3271), assuming depth to water of 50 ft, canopy density of 0.25, and 100-day growing

season.

6 Maximum rate of 3.5 fi/yr applied by ground-water flow model with extinction depth (depth at which significant
evapotranspiration ceases) of 12-35 ft below land surface (Harrill and Preissler, 1994, p. H27).

7 Total volume as of 1982 calculated by ground-water flow model (Harrill and Preissler, 1994, p. H42); volume could be less

in 1994.

8 Rate calculated from net agricultural pumping divided by irrigated acres

9 Assumed equal to net agricultural pumping (990 acre-ft/yr minus 150 acre-ft/yr), as simulated by Harrill and Preissler (1994,

p. Ha1).
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Subsurface Inflow and Outflow

Subsurface flow can be estimated by using
Darcy's Law, which states that the volume of flow
is equal to the product of the hydraulic gradient, the
saturated area through which flow takes place, and the
hydraulic conductivity of saturated aquifer materials.
The hydraulic gradient and estimates of aquifer proper-
ties are used herein to calculate estimates of subsurface
flow using the following equation for Darcy's Law as
modified from Heath (1989, p. 12):

0 = 0.0084KA(dh/dl), )

where Q is the quantity of ground water flow per unit
time, in acre-feet per year,

K is hydraulic conductivity, in feet per day;

A is the cross-sectional area through which flow
moves perpendicular to the direction of
flow, in square feet;

dh/dl is the hydraulic gradient, in feet per foot; and
0.0084 is the factor to convert cubic feet per day into
acre-feet per year.

Subsurface flow from the Eagle Valley Hydro-
graphic Area to the Dayton Valley Hydrographic
Area (Riverview subbasin) north of Prison Hill was
estimated to be about 1,600 acre-ft/yr by Worts and
Malmberg (1966, p. 29). More recently, Arteaga and
Durbin (1979, p. 32) estimated flow to be 1,500 acre-
ft/yr and, using a ground-water flow model, Arteaga
(1986, p. 31 and 43) obtained 700 acre-ft/yr for outflow
under both natural conditions and conditions in 1978.

Since 1978, municipal wells that supply water for
Carson City have been installed in the Riverview sub-
basin (pl. 1). This pumping, and expansion and contin-
ued irrigation of the Eagle Valley golf course north
of the subbasin boundary, could have increased the
gradient and resulting subsurface flow across the
boundary. Worts and Malmberg (1966, p. 29) used
gradients of 0.005 ft/ft beneath Eagle Valley creek
and 0.01 ft/ft near the northern part of the boundary,
both of which are less than what was measured at
those locations during 1995 for this study—0.01 and
0.06 ft/ft, respectively. In addition, the previous studies
considered consolidated rocks along the boundary to be
impermeable. Because wells along the boundary pump
water from consolidated rocks (wells E-10, E-11, E-12
and R-1; pl. 2), ground-water flow probably takes place
through the rocks.

Subsurface inflow from Eagle Valley to the
Riverview subbasin can be estimated by applying
equation 1 to flow through cross-section A-A' that

is approximately parallel to the hydrographic-area
boundary and water-level contours (inset, pl. 2).
Thus, the curved section is approximately perpendi-
cular to the direction of ground-water flow along its
entire length.

The distribution of hydrogeologic units beneath
the cross section was estimated using the mapped geol-
ogy and lithologic descriptions from driller's logs for
six wells near the section (inset, pl. 2). Metamorphic
rocks are exposed at the northeastern end of the sec-
tion, and are overlain by Quaternary basalt penetrated
at wells E-10 and E-11 and exposed west of a fault.
Basin-fill sediments are about 300 ft thick at well E-11.
The basalt was not encountered at well E-12 where
about 300 ft of multicolored volcanic rock, probably
rhyolitic, overlies granitic rock. At well R-1, basin-
fill sediments about 700 ft thick overlie granitic rock.
Rocks about 150 ft beneath the granitic rocks are
described as "gray, hard, and porphyritic" and could be
metamorphic. Consolidated rocks beneath about 400 ft
of basin-fill sediments at well R-6 and described only
as "large, hard, and bedrock” are probably also meta-
morphic rocks. Faulted metamorphic rocks underlie
basin-fill sediments estimated to be about 200 ft thick
beneath the southwestern end of the section. The distri-
bution of hydrogeologic units is approximate because
the lateral extent of units between wells is not known,
and lithologic descriptions at wells R-6 and R-7 were
projected westward across a fault.

The area of each unit was determined by drawing
the distribution to scale on graph paper and totaling the
number of grid cells within saturated basin-fill sedi-
ments and consolidated rock. Recent work on the west-
em side of Eagle Valley has shown the buried surface
of consolidated rocks to be weathered and fractured to
depths of 50-70 ft (Maurer and others, 1996). Because
wells along the boundary have penetrated from 75 to as
much 190 ft of fractured rock (wells R-6 and E-12,
respectively), the upper 100 ft of consolidated rock is
assumed to be sufficiently weathered and fractured to
transmit water.

The transmissivity of hydrogeologic units was
estimated from the specific capacity reported on
drillers’ logs and reported values for wells near the
section (table 10), using an equation modified from
Thomasson and others (1960, p. 222):

T =267(S0), (3)

where T is transmissivity, in feet squared per day, and
SC is specific capacity, in gallons per minute per
foot of drawdown.
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Hydraulic conductivity can then be calculated as
the transmissivity divided by the perforated interval of
the well. The computation assumes that the well is
100 percent efficient, which generally is not known.
However, reasonable values of hydraulic conductivity
were obtained using the equation.

Because the hydraulic gradient changes along the
section, flow was calculated by dividing the section
into two parts. Northeast of well R-1, a gradient of
0.06 ft/ft was used and southwest of R-1, a gradient
of 0.01 ft/ft was used (table 11). In the basin-fill sedi-
ments, hydraulic conductivity estimated from the
drillers’ logs is probably representative of only the
more conductive parts of the basin-fill sediments,
because wells are often screened only in the most
productive zones. At wells E-11 and R-6, the coarse-
grained parts of the basin-fill sediments were screened,
whereas clayey, or fine-grained, parts were not. To
account for this, the ratio of the screened interval to the
total saturated thickness of basin-fill sediments was

used to estimate cross-sectional areas of coarse- and
fine-grained sediments from the total area of saturated
basin-fill sediments. Northeast of well R-1, the ratio
from well E-11 was used (0.33), and southwest of R-1,
the ratio from well R-6 was used (0.28). The distribu-
tion of hydraulic conductivity within basin-fill
sediments at these wells was assumed to be representa-
tive of basin-fill sediments in the northern and southern
parts of the cross section.

The hydraulic conductivity assigned to hydro-
geologic units in table 11 was based on values for
hydrogeologic units shown in table 10. For fine-
grained basin-fill sediments and granitic and metamor-
phic rocks, conductivity values obtained for similar
hydrogeologic units on the western side of Eagle
Valley were used. There, the hydraulic conductivity of
metamorphic rocks was found to range from about 2 to
60 ft/d, depending on the degree of weathering, fractur-
ing, and the presence of clay in fractures. Weathered
granitic rock and fine-grained basin-fill sediments had

Table 10. Estimates of transmissivity and hydraulic conductivity for selected wells near hydrogeologic section A-A/,
along the western boundary of the Riverview subbasin, Dayton Valley Hydrographic Area, Nevada, using data

reported on drillers’ logs and other reported values

[Abbreviations: ft, feet; ft/d, feet per day; ft%/d, feet squared per day; gal/min, gallon per minute; [gal/min)/ft, gallon per minute, per foot.

Symbols: --, data not used; %, percent]

. Specific 2 Perforated Hydraulic .

(Sllt;) Pu(m::li;;:?i ':)ate Dra\zlf:l)own capacity ! Tran(:tr;}i::i\)/ity interval>  conductivity® Hydr&gﬂetosloglc

pl. 9 (igal/miny/tt) v ) (tt/day)

E-10 50 90 0.56 150 40 38 Qb

E-11 120 84 14 370 250 1.5 40% Qal
60% Qb

E-7 - - - - - 6.7 Qal

R-1 - - - 724 8233 0.1 25% Qal
75% Kg

R-6 415 117 35 950 110 8.6 Qal

R-7 30 20 1.50 400 20 20 Qal

1 Specific capacity equals pumping rate divided by drawdown.

2 Rounded; calculated using equation 3 in text, equal to specific capacity multiplied by 267 (Thomasson and others, 1960, p. 222).

3 Total of screened intervals reported on drillers’ logs.

4 Hydraulic conductivity equals transmissivity divided by perforated interval.

3 Percent of hydrogeologic unit adjacent to perforated interval; no value indicates 100 percent. Qal, unconsolidated basin-fill sediments;

Qb, basaltic volcanic rocks; Kg, granitic rocks.

6 value reported by J H. Kleinfelder & Associates (1985, p. 22).

7 Value reported by Lumos & Associates, Inc., and Watersource, Inc. (1986, p. 7-16).

8 value is perforated interval minus hard rock adjacent to perforated interval.
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conductivities averaging about 1 ft/d and 0.3 ft/d,
respectively (Maurer and others, 1996, p. 28). The
value of 1.0 ft/d used in table 11 for metamorphic rocks
south of well R-1 is, thus, fairly conservative, lacking
actual measurements. Values for basin-fill sediments
are similar to those used in the ground-water flow
model developed by Arteaga (1986, pl. 5). The esti-
mate for subsurface flow from Eagle Valley to the
Dayton Valley Hydrographic Area is 2,200 acre-ft/yr
(table 11).

Water-level data for the area east of Hot Springs
Mountain are not available to confirm a hydraulic
gradient from Carson Valley toward the Riverview sub-
basin. Because the water level at well R-18 is below the
altitude of the river's stream stage (table 5), subsurface
inflow across the divide presumably is minimal.

Table 11.

Subsurface flow beneath the Carson River at the
boundaries of the Dayton Valley Hydrographic Area
was estimated previously by Glancy and Katzer (1976,
p- 51). Those values and estimates for subsurface flow
beneath the Carson River at subbasin boundaries made
for this study are summarized in table 12. Because the
hydraulic gradient was assumed to equal the slope of
the stream channel, and the cross-sectional area and
hydraulic conductivity were estimated, the subsurface
flow estimates are approximate and could be in error by
an order of magnitude.

Subsurface flow to and from the Stagecoach sub-
basin for 1982 conditions was previously estimated by
Harrill and Preissler (1994, p. H42). Continued pump-
ing from 1982 to 1994 in the Stagecoach subbasin
could have changed those volumes.

Estimated subsurface flow from Eagle Valley to Dayton Valley Hydrographic Area, Nevada

[Abbreviations: acre-ft/yr, acre-feet per year; ft/d, foot per day; ft2, square feet; ft/ft, feet per foot]

h\?:g;::;o‘:ic E\itcil,:;autﬁ: Water-table Saturated ar;a Subsurf:ce
section Hydrogeologic unit conductivity ! gr(e;g:)nt of s(eftt:;;on @ ;:z\-;:” 0
(inset, pl. 2) (fvd) Y
Northeast of Fine-grained basin-fill sediments. . . . 0.3 0.06 1,000,000 150
wellR-1 ....  Coarse-grained basin-fill sediments. . 2.0 0.06 490,000 500
Subtotal . .. ... 1,500,000 650
Granitic and rhyologic volcanic rocks 1.0 0.06 370,000 190
Basaltic volcanicrocks. . .......... 3.0 0.06 480,000 730
Subtotal . . .... 850,000 920
Total (rounded). . . ... 2,400,000 1,600
Southwest of Fine-grained basin-fill sediments. . . . 03 0.01 1,600,000 40
wellR-1.... Coarse-grained basin-fill sediments. . 10 0.01 600,000 500
Subtotal . . . ... 2,200,000 540
Granitic and metamorphic rocks . . .. 1.0 0.01 1,100,000 90
Total (rounded). . .................... e 3,300,000 630
Total, entire section (rounded). . . .. ... ...t 5,700,000 2,200

! Based on values estimated in table 10 and by Maurer and others (1996, p. 30).

2 Determined from inset, pl. 1. Areas of basin-fill sediments with high and low conductivity estimated from ratio of screened interval divided by
total thickness of saturated basin fill at well E-11, 0.33, northeast of well R-1 and at well R-6, 0.28, southwest of well R-1.

3 Calculated using equation 2 in text. Equal to hydraulic conductivity multiplied by saturated area multiplied by gradient multiplied by 0.0084.
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Table 12. Estimated subsurface flow to and from subbasins of the Dayton Valley Hydrographic Area, Nevada

[Abbreviations: acre-ft/yr, acre-foot per year; ft, foot; ft2, square feet; ft/d, foot per day; ft/ft, feet per foot. Symbol: --, not calculated in this table]

Estimated

Estimated

Estimated Estimated

Estimated saturated hydraulic Estirr_nate? width subsurfgce
Flow to From thickness area conductivity gradient of flow flow

(ft) (&) (fUd) (fuft) section (acre-ft/yr,

(ft) rounded)
Riverview subbasin ... Carson Valley........ 100 26,000 35 0.0019 260 315
Riverview subbasin ... Eagle Valley ......... - -- -- - - 42,200
Mound House subbasin ~ Riverview subbasin . . . 100 10,000 35 .004 100 10
Carson Plains subbasin.  Mound House subbasin 200 120,000 70 .007 600 500
Stagecoach subbasin... Carson Plains subbasin. 100 1,000,000 1 .0019 10,000 20
Stagecoach subbasin...  Bull Canyon subbasin. . -- -- -- -- -- 5400
Bull Canyon subbasin. .  Carson Plains subbasin. 200 300,000 35 .0045 1,500 400
Bull Canyon subbasin. .  Stagecoach subbasin. . . - -- -- - - 6110
Churchill Valley . . .. .. Stagecoach subbasin. . . -- - - - - 6160
Churchill Valley ... ... Bull Canyon subbasin. . 200 260,000 35 .00095 1,300 370

! Estimated from water levels near subbasin boundaries, where available. Assumed to be equal to slope of stream channel estimated from 1:24,000

topographic maps where water levels not available.

2 Estimated using equation 2 in text. Equal to hydraulic conductivity multiplied by saturated area multiplied by gradient multiplied by 0.0084.

3 Modified from Glancy and Katzer (1976, p. 51).
4 Table 11.

3 Estimated by Harrill and Preissler (1994, p. H42) for conditions in 1982; includes 300 acre-ft/yr near the western side of subbasin and 98 acre-ft/yr

near southern side.

6 Estimated by Harrill and Preissler (1994, p. H42) for conditions in 1982.

ESTIMATED WATER BUDGETS FOR
SUBBASINS AND FOR DAYTON VALLEY
HYDROGRAPHIC AREA

Components of inflow and outflow estimated for
each subbasin are presented in tables 6 through 12 and
summarized in table 13. Recharge from precipitation
and streamflow generated within each subbasin was
estimated by applying the Maxey-Eakin method to the
three precipitation distributions. For this reason, three
estimates of total ground-water inflow were obtained.
Similarly, a range in crop consumptive use rates was
used to obtain a range of values for total outflow in sub-
basins with irrigated crops.

Riverview Subbasin

Total estimates of inflow to ground water in the
subbasin are 5,600, 5,800, and 6,900 acre-ft/yr (table
13). Total estimated outflow is slightly larger than in-
flow, 6,600-8,400 acre-ft/yr. Because water levels in
the subbasin do not appear to be declining, the apparent
imbalance is probably caused by inaccuracies in esti-
mates of inflow and outflow. Estimates of crop con-

sumptive use and streamflow losses from the Carson
River are the most uncertain of the largest water-budget
components. Refined estimates of these components
could reduce the apparent imbalance. The estimate of
subsurface flow from the Eagle Valley Hydrographic
Area is larger than previous estimates because of

the increased gradient across the hydrographic area
boundary and because an estimate for flow through
consolidated rocks was included. Subsurface outflow
beneath the channel of the Carson River to the Mound
House subbasin could be a minimum value because the
channel is bounded by metamorphic rocks that could
have at least a moderate hydraulic conductivity.

Mound House Subbasin

Total estimates of inflow to ground water in

the subbasin are 3,300, 3,700, and 5,600 acre-ft/yr,
whereas estimates of outflow are much less, 600-800
acre-ft/yr (table 13). Because historical water-level
measurements are lacking, possible changes in ground-
water storage cannot be confirmed. However, because
outflow is less than inflow, recharge from precipitation
or from stream losses along the Carson River could

Hydrology and Ground-Water Budgets of the Dayton Valley Hydrographic Area, West-Central Nevada
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be overestimated. Also, outflow beneath the channel
of the Carson River near the Carson Plains subbasin
boundary could be greater than estimated. Here, chan-
nel deposits are much coarser than at other subbasin
boundaries, consisting of gravel, cobbles, and boul-
ders. Reported values of hydraulic conductivity for
such coarse deposits range as high as 10,000 ft/d
(Freeze and Cherry, 1979, p. 29). Thus, the estimated
hydraulic conductivity of 70 ft/d (table 12) could be a
minimum value, and subsurface flow could be greater
by an order of magnitude or more. Outflow also could
take place through volcanic rocks toward the Carson
Plains subbasin. Additional wells both north and south
of the river would allow evaluation of the potential for
such flow.

Carson Plains Subbasin

Total estimates of inflow to the subbasin are
7,000, 8,700, and 18,000 acre-ft/yr, whereas estimates
of outflow are 9,300-13,000 acre-ft/yr (table 13). An
assumed volume of 2,000 acre-ft/yr for net ground
water pumped to meet crop consumptive use was sub-
tracted from estimates of total crop consumptive use to
avoid a double accounting of this source of outflow.
Because water levels could be declining in a small part
of the subbasin, ground-water discharge would be
expected to be somewhat greater than ground-water
recharge. If water levels have declined about 5 ft
beneath about 2 mi2 and specific yield of the aquifer
is about 0.2, about 1,300 acre-ft were removed from
ground-water storage from 1981 to 1995. Because
frequent water-level measurements are lacking, the
annual amount of change in storage cannot be deter-
mined. Water-use records show that an increase in
the number of customers supplied by water, and in
pumping for the Dayton Valley Golf Course, began
in the early 1990’s. If water levels have declined over
a 5-year period, from 200 to 300 acre-ft/yr has been
removed from storage. Although not conclusive,
this suggests that the mid-range estimate of 8,700
acre-ft/yr provides the best balance. The apparent
imbalance could also be reduced if subsurface inflow
from the Mound House subbasin is greater than esti-
mated. Recharge from precipitation and discharge to
seepage along the Carson River, agricultural pumping,
evapotranspiration, and crop consumptive use are also
uncertain water-budget components.

Stagecoach Subbasin

Total estimates of inflow to the subbasin are
1,300, 1,500, and 2,200 acre-ft/yr, whereas estimates
of outflow total 1,800 acre-ft/yr (table 13). Because
ground-water storage is decreasing in the subbasin,
outflow would be expected to be somewhat greater
than inflow. Harrill and Preissler (1994, p. H41) calcu-
lated that storage decreased by about 450 acre-ft/yr
from 1971 to 1982, and water levels declined from
1982 to 1994 at about the same rate (fig 3B). If 450
acre-ft/yr of the outflow came from ground-water
storage during 1982-94, the low and mid-range
estimates of inflow appear to be the most reasonable.

Bull Canyon Subbasin

Total estimates of inflow to the subbasin are
3,600, 3,800, and 6,100 acre-ft/yr, whereas estimates
of outflow are 2,100-3,400 acre-ft/yr (table 13).
Because the amount of ground-water pumpage is
small, ground-water storage probably has not changed.
The apparent imbalance could be caused by overesti-
mation of recharge using the 1996 Nevada precipita-
tion map or overestimation of infiltration of streamflow
along the Carson River.

Entire Dayton Valley Hydrographic Area

Recharge to the Dayton Valley Hydrographic
Area, estimated from the precipitation distribution
presented by Glancy and Katzer (1976, p. 48), from a
relation between distance, altitude, and precipitation,
and from the 1996 Nevada precipitation map, is 7,800,
11,000, and 26,000 acre-ft/yr, respectively (table 6).
More recharge is estimated by using the distance-
altitude relation and the 1996 Nevada precipitation
map than by Glancy and Katzer (1976, p. 48). This is
because the relations predict more total precipitation,
and more precipitation for amounts greater than
15 in/yr where a larger percentage is assumed to
become recharge. Recharge to the individual subbasins
estimated from the distance-altitude relation is from 17
to 76 percent greater than that estimated from the pre-
cipitation distribution used by Glancy and Katzer
(1976) (app. 1). Recharge to subbasins calculated using
the precipitation distribution from the 1996 Nevada
precipitation map ranges from about 170 to 500 percent
greater than that estimated from the precipitation distri-
bution used by Glancy and Katzer (1976). Thus, the
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volume of recharge calculated by application of the
Maxey-Eakin percentages is greatly dependent on

the distribution of precipitation. The accuracy of the
method is unknown, but can be assessed by comparison
with estimates of discharge. Additional study would
allow evaluation of the applicability of the Maxey-
Eakin method to different estimates of mean annual
precipitation.

Estimates of the range of inflow to and outflow
from ground water in the entire Dayton Valley Hydro-
graphic Area were made by combining the estimates of
recharge and discharge for each subbasin with esti-
mates of subsurface flow only at the hydrographic-area
boundaries (table 13). Total estimates of inflow are
19,000, 23,000, and 38,000 acre-ft/yr, including 7,800,
11,000, and 26,000 acre-ft/yr from infiltration of pre-
cipitation and streamflow generated within the area
(table 6), 7,000 acre-ft/yr from stream losses of the
Carson River (table 4), 2,300-2,900 acre-ft/yr of sec-
ondary recharge of pumped water (table 7), and 2,200
acre-ft/yr of subsurface inflow from Eagle and Carson
Valleys (table 12). Estimates of outflow are 19,000-
26,000 acre-ft/yr, including 10,000 acre-ft/yr of
ground-water pumping (table 8), 7,300- 13,000 acre-
ft/yr discharged by crop consumptive use not supplied
by ground-water pumping (tables 9 and 13), 1,100-
3,000 acre-ft/yr discharged by phreatophytes (table 9),
and 230 acre-ft/yr of subsurface outflow to Churchill
Valley (table 12).

The net inflow and outflow of 17,000 acre-ft/yr
estimated by Glancy and Katzer (1976, p. 66) for
Dayton Valley is similar to the low-range estimate
and about half of the high-range estimate made in this
study. Estimates made by Glancy and Katzer are differ-
ent from those made in this study for several reasons.
During the period of study by Glancy and Katzer,
ground-water pumping in the area was minimal and
secondary recharge from pumping was not considered.
Discharge by ground-water pumping, crop consump-
tive use, and evapotranspiration was estimated to total
16,000 acre-ft/yr (Glancy and Katzer, 1976, p. 66). The
estimate was obtained "by difference" (Glancy and
Katzer, 1976, p. 62), meaning that 16,000 acre-ft/yr
was the volume required to balance inflow and outflow.
Using current pumping estimates and applying a range
of rates for crop consumptive use and evapotranspira-
tion, discharge can be shown to range from 19,000 to
26,000 acre-ft/yr (table 13). Finally, recharge from pre-
cipitation and streamflow generated within the area
could be greater if precipitation is greater than that

estimated from the altitude-precipitation relation used
by Glancy and Katzer (1976, p. 48) and if the method
of estimating recharge is applicable (table 6).

Comparison of the ranges for inflow and outflow
can provide insight as to how reasonable the ranges
might be. The low-range and mid-range estimates of
inflow are similar to the low-range estimate of outflow.
However, the high-range estimate of inflow is more
than 10,000 acre-ft/yr greater than the maximum esti-
mate of outflow. Thus, the high-range estimate of
inflow appears to be the most questionable.

The estimate for recharge from precipitation and
streamflow generated within the area is most likely to
be inaccurate because of the many uncertainties in the
method used to estimate recharge from these sources.
Application of the Maxey-Eakin method to the three
precipitation distributions gives a range of estimates in
each subbasin for this source of recharge. The five
ranges (table 13) differ from a low value of 1,000 to
a high value of over 10,000 acre-ft/yr. Estimates of
recharge from streamflow losses along the Carson
River also have a large degree of uncertainty and could
be in error by thousands of acre-feet per year over the
entire hydrographic area.

The largest components of outflow are crop con-
sumptive use, ground-water withdrawals, and evapo-
transpiration. Because the consumptive use rates used
in the estimate are based on empirical formulas, actual
use rates could be different. However, the range in rates
used (3.0 to 4.8 ft/yr) is considered to represent a
reasonable range for crop consumptive use and results
in a maximum range of about 3,000 acre-ft/yr for the
Carson Plains subbasin (table 13). Because municipal
use is metered and domestic use is small, the most
uncertain component of ground-water withdrawals
is agricultural pumping. The volume of agricultural
pumping is based on estimates made in 1983 from
water-righted acres and assumed rates and durations of
pumping. This could cause the estimate for agricultural
pumping to be in error by possibly a few thousands of
acre-feet per year. The range of rates used to estimate
evapotranspiration is consistent with those actually
measured at various locations in Nevada (Nichols,
1994, p. 3271) and used in previous studies in the area
(Harrill and Preissler, 1994, p. H18). The rates are
believed to be reasonable, and they result in a range of
less than 1,000 acre-ft/yr for the individual subbasins
(table 13). The areas of irrigated crops and phreato-
phytes were determined from aerial photography and
not from detailed field mapping. This could be a source

ESTIMATED WATER BUDGETS FOR SUBBASINS AND FOR DAYTON VALLEY HYDROGRAPHIC AREA 35



of inaccuracy for estimates of both crop consumptive
use and evapotranspiration if areas that are irrigated
were mapped as areas of phreatophytes. If as many
as 500 acres were mapped incorrectly, the error in the
estimated discharge would be about 2,000 acre-ft/yr.
The total inaccuracy in estimates of outflow for
the entire hydrographic area is probably less than
10,000 acre-ft/yr, whereas the inaccuracy in estimates
of inflow could be much greater than 10,000 acre-ft/yr.
Thus, the high-range estimate of inflow calculated
using the 1996 Nevada precipitation map could be
too high. Additional study would allow evaluation
of important water-budget components and refine-
ment of water budgets for subbasins and for the entire
hydrographic area.

Possible Future Refinement of Estimated
Water Budgets

Estimates of recharge and discharge presented in
this report include many uncertainties. In approximate
order of the volume estimated for each water-budget
component, uncertainties include (1) the distribution of
precipitation within the study area; (2) the accuracy of
applying the Maxey-Eakin method of estimating
recharge to a precipitation distribution other than that
used in the original method and to parts of a hydro-
graphic area; (3) the volume of water interchanged
between the surface- and ground-water systems; (4) the
rates of crop consumptive use and evapotranspiration;
(5) the volume of water pumped for agricultural use;
(6) the volume of pumped water that returns to the
ground-water system after use; and (7) the volume of
subsurface flow between Carson Valley and the River-
view subbasin, between the Mound House and Carson
Plains subbasins, and between the Carson Plains and
Stagecoach subbasins.

Uncertainties in these water-budget components
could be refined by collection of additional hydrologic
data on annual precipitation, subsurface flow from the
mountain blocks to the basin-fill aquifers, hydraulic
gradients between stream stage and the adjacent water
table, streamflow gains and losses, agricultural pump-
ing, and water levels in areas where wells are lacking.
Also, the direction of ground-water flow is poorly
understood south and east of the Carson River in the
Riverview subbasin, north and south of the Carson
River in the Mound House subbasin, and near the
mouth of Eldorado Canyon in the Carson Plains sub-
basin. Installation of monitoring wells and continued

measurements of water-level fluctuations would pro-
vide a better understanding of how recharge from
precipitation and the Carson River moves through

the ground-water system. Measurement of hydraulic
gradients and aquifer properties near the margins of
the valley floors would allow estimation of subsurface
flow from the mountain blocks toward the valley floor
and an independent check on the accuracy of the
Maxey-Eakin method of estimating recharge.

From these data, a better conceptual model of the
hydrologic system can be formed and used to develop
a numerical ground-water flow model. The numerical
model could, in turn, be used to refine estimates of the
complex interchange of flow between the surface- and
ground-water systems and estimates of crop consump-
tive use and discharge by phreatophytes as a function
of depth to water.

SUMMARY AND CONCLUSIONS

Increasing development in the Dayton Valley
Hydrographic Area, east of Carson City, Nev., has
caused concerns over the available ground-water
supply (fig. 1). The water budget for the area was last
assessed in the early 1970's as part of a ground-water
reconnaissance study of the entire Carson River Basin
(Glancy and Katzer, 1976). Work began in 1994 to
update the hydrologic data base for the three western
subbasins, describe the hydrogeologic setting of the
three western subbasins and the entire area, reassess
key water-budget elements, update and refine the water
budget developed in the early 1970's for the entire
hydrographic area, develop water budgets for the indi-
vidual subbasins, and determine additional work
needed to refine water-budget elements.

The Dayton Valley Hydrographic Area was
divided into five subbasins using topographic divides
between subbasin watersheds. From west to east the
subbasins are: Riverview, Mound House, Carson
Plains, Stagecoach, and Bull Canyon.

Consolidated rocks that form mountain blocks
and underlie basin-fill sediments beneath the valley
floors were grouped into five hydrogeologic units
consisting of granitic and metamorphic rocks, and
rhyolitic, andesitic, and basaltic volcanic rocks.
Basin-fill sediments were divided into two hydro-
geologic units consisting of partly consolidated and
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unconsolidated sediments. Basin-fill sediments are
the most developed aquifers in the area, but wells
also produce water from all other units.

Three estimates of the distribution of mean
annual precipitation in the hydrographic area and in
each subbasin were obtained using (1) a previously
published relation between annual precipitation and
altitude, (2) arelation developed for this study between
annual precipitation, altitude, and distance from the
Sierra Nevada crest, and (3) a precipitation map for
Nevada produced in 1996. Estimates of total annual
precipitation are 180,000 acre-ft using the first distribu-
tion, 200,000 acre-ft using the second, and 250,000
acre-ft using the third. Both the second and third distri-
butions estimate more precipitation at higher altitudes
than the previously published relation.

Perennial streamflow in the area is limited to the
Carson River and Eagle Valley creek, which enters
the Riverview subbasin from the west with an average
flow of 2,200 acre-ft/yr (period of record, water years
1985-94). Average flow of the Carson River for the
period of record common to gaging stations on the
river, water years 1980-85 and 1991-94, is 332,000
acre-ft/yr at the upstream hydrographic-area boundary
and 322,200 acre-ft/yr at the downstream boundary.
During periods of low flow, the river can become dry
at the downstream boundary. Diversions of Carson
River flow in the Riverview subbasin average 6,300
acre-ft/yr, and in the Mound House, Carson Plains,
and Bull Canyon subbasins average 22,000 acre-ft/yr.
Ephemeral streams tributary to the Carson River flow
to the river only during snowmelt runoff or intense
storms.

The accuracy of gaging-station data and of
instantaneous measurements made during periods
of low flow results in only approximate volumes
of streamflow gains and losses along the Carson
River through the hydrographic area. Simulations of
streamflow over a 10-year period, using a physically
based model, suggest that the Carson River loses
flow through the Riverview, Mound House, and
Bull Canyon subbasins at an average rate of 3,000,
2,100, and 1,900 acre-ft/yr, respectively. Through
the Carson Plains subbasin, a net loss was simulated
during normal-to-wet years and a net gain was simu-
lated during dry years, for an average annual gain of
21 acre-ft/yr.

As a qualitative check on measured stream losses,
the hydraulic gradient between stream stage of the
Carson River and the adjacent water table was

measured at 13 wells from June 1995 to January 1996.
The gradient data show that the volume of water gained
or lost from the Carson River varies with location along
the river, from one bank to another, and with stream
stage.

Water-level measurements at 106 wells, made
mostly in December 1995, were used to develop
contours of water-level altitude in the study area.
The contours were used to estimate the direction
of ground-water flow and to assess the potential for
interbasin flow.

In the Riverview subbasin, water levels suggest
a potential for subsurface flow into the Dayton Valley
Hydrographic Area from the Carson Valley Hydro-
graphic Area east of Hot Springs Mountain. No water
levels are available near the boundary to confirm such
flow, and water levels in the Riverview subbasin near
the Carson River suggest that such flow probably
is minimal. Near the northern part of the Riverview
subbasin, subsurface flow of 2,200 acre-ft/yr was
estimated from Eagle Valley to the Dayton Valley
Hydrographic Area. East of the Carson River, water
levels indicate flow parallel to the river or toward the
east, possibly through fractured metamorphic rocks, to
a downstream reach of the Carson River in the Mound
House subbasin.

In the Mound House subbasin, available water
levels north of the Carson River indicate little potential
for interbasin flow to or from the subbasin. Ground
water in basin-fill sediments flows from the northwest
to the southeast toward the Carson River. However,
streamflow measurements indicate a loss through the
subbasin. This fact, and differences in water levels,
suggest that ground water in basin-fill sediments could
be perched, or poorly connected with a deeper water
table in underlying volcanic rocks.

In the westernmost part of the Carson Plains sub-
basin, ground water flows eastward toward the valley
floor. Beneath the valley floor, ground water flows to
the northeast, parallel to the Carson River. South of the
Carson River, the altitude of springs suggests a steep
hydraulic gradient from the base of the Pine Nut Moun-
tains toward the valley floor. Near the eastern bound-
ary, water levels indicate the potential for subsurface
flow into the Stagecoach subbasin. Water levels south
of the Carson River and east of Dayton remained from
3 to 8 ft lower during December 1995 than during
1981, possibly because of increased nearby pumping.
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Estimated ground-water budgets for the hydro-
graphic area and its subbasins include estimates of
inflow from infiltration of precipitation and streamflow
generated within the area; infiltration of streamflow
along the Carson River; infiltration of ground water
pumped for municipal, domestic, and agricultural
purposes; and subsurface flow from the adjacent
Eagle and Carson Valley Hydrographic Areas and
between the subbasins. The ground-water budgets
also include estimates of outflow from ground water
to evapotranspiration and crop consumptive use;
seepage to the Carson River; ground-water pumping
for municipal, domestic, and agricultural purposes;
and subsurface flow to the adjacent Churchill Valley
Hydrographic Area, and between subbasins.

A range of values for recharge from infiltration of
precipitation and streamflow generated within each
subbasin was obtained by applying the Maxey-Eakin
method to three different estimates of mean annual
precipitation. The resulting estimates for the hydro-
graphic area, 7,800, 11,000, and 26,000 acre-ft/yr,
show that recharge estimated using the Maxey-Eakin
method is greatly dependent on the distribution of
precipitation. The accuracy of these estimates is
unknown but can be assessed by comparison with
estimates of discharge.

Estimates of inflow to ground water in the River-
view subbasin are 5,600, 5,800, and 6,900 acre-ft/yr.
Estimated outflow from ground water is slightly larger
than inflow, 6,600-8,400 acre-ft/yr. Because water
levels do not appear to be declining, uncertainties in
estimates of crop consumptive use, streamflow
losses along the Carson River, subsurface flow from
Eagle Valley, and recharge from precipitation could
contribute to the apparent imbalance.

Estimates of inflow to the Mound House subbasin
are 3,300, 3,700, and 5,600 acre-ft/yr, whereas esti-
mates of outflow are much less, ranging from 600
to 800 acre-ft/yr. Recharge from precipitation or
from Carson River streamflow losses could be over-
estimated. Also, outflow beneath the channel of the
Carson River could be an order of magnitude greater
than estimated, or outflow could take place through
volcanic rocks toward the Carson Plains subbasin.

Estimates of inflow to the Carson Plains sub-
basin are 7,000, 8,700, and 18,000 acre-ft/yr, whereas
estimates of outflow are 9,300-13,000 acre-ft/yr. Water
levels have possibly declined from 3 to 8 ft from pump-
ing, causing an estimated 200-300 acre-ft/yr decrease
in ground-water storage. The apparent imbalance

would also be reduced if subsurface inflow from the
Mound House subbasin is greater than estimated.
Recharge from precipitation and discharge to seepage
along the Carson River, agricultural pumping, evapo-
transpiration, and crop consumptive use are also uncer-
tain water-budget components.

Estimates of inflow to the Stagecoach subbasin
are 1,300, 1,500, and 2,200 acre-ft/yr, whereas esti-
mates of outflow total 1,800 acre-ft/yr. Because
ground-water storage could be decreasing by 450 acre-
ft/yr, the low- and mid-range estimates appear to be the
more reasonable.

Estimates of inflow to the Bull Canyon subbasin
are 3,600, 3,800, and 6,100 acre-ft/yr, whereas esti-
mates of outflow are 2,100-3,400 acre-ft/yr. The appar-
ent imbalance could be caused by overestimation of
recharge of precipitation or of streamflow losses from
the Carson River, which are the largest water-budget
components for the subbasin.

Estimates of total inflow to ground water in the
entire Dayton Valley Hydrographic Area are 19,000,
23,000, and 38,000 acre-ft/yr, including 7,800, 11,000,
and 26,000 acre-ft/yr from infiltration of precipitation
and streamflow generated within the area; 7,000 acre-
ft/yr of stream losses from the Carson River; 2,300-
2,900 acre-ft/yr of secondary recharge of pumped
water; and 2,200 acre-ft/yr of subsurface flow from
Eagle Valley. Estimates of outflow are 19,000-26,000
acre-ft/yr and include 10,000 acre-ft/yr of ground-
water pumping, 7,300-13,000 acre-ft/yr discharged
by crop consumptive use not supplied by ground-
water pumping, 1,100- 3,000 acre-ft/yr discharged by
phreatophytes, and 230 acre-ft/yr of subsurface
outflow to Churchill Valley.

The low-range and mid-range estimates of inflow
are similar to the range for estimates of outflow. In
contrast, the high-range estimate of inflow is more
than 10,000 acre-ft/yr greater than estimated outflow.
Inaccuracies in estimates of inflow could be greater
than 10,000 acre-ft/yr, whereas inaccuracies in esti-
mates of outflow are probably less than 10,000 acre-
ft/yr. This implies that estimates of recharge using
the 1996 Nevada precipitation map could be too high.

The net inflow and outflow of 17,000 acre-ft/yr
estimated previously for Dayton Valley (Glancy and
Katzer, 1976, p. 66) is similar to the low-range estimate
developed in this study and about half that of the
high-range estimate. The previous estimate is different
from those made in this study because ground-water
pumping in the area previously was minimal and a
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single value for discharge by ground-water pumping,
crop consumptive use, and evapotranspiration was
calculated by difference, to balance inflow and out-
flow. Recharge from precipitation and streamflow
generated within the area could be greater if precipita-
tion is greater than that estimated from the altitude-
precipitation relation by Glancy and Katzer (1976,

p- 48), and if the Maxey-Eakin method of estimating
recharge is applicable.

Uncertainties in these water-budget components
could be refined by collection of additional hydrologic
data on annual precipitation, subsurface flow from the
mountain blocks to the basin-fill aquifers, hydraulic
gradients between stream stage and the adjacent water
table, streamflow gains and losses, agricultural pump-
ing, and water levels in areas where wells are lacking.
Using these data, a numerical model could be devel-
oped and used to refine (1) estimates of the complex
interchange of flow between the surface-water and
ground-water systems and (2) estimates of consump-
tive use by crops and phreatophytes as a function of
depth to water.
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Appendix 1. Ground-water recharge estimated from precipitation-altitude relations for subbasins of the Dayton Valley

Hydrographic Area, Nevada

[Mean annual precipitation estimated by three methods: Glancy and Katzer (1976, p. 48), distance-altitude relation, and 1996 Nevada precipitation
map. For calculations using altitude-precipitation relation of Glancy and Katzer (1976, p.48) and 1996 Nevada precipitation map, average precipita-
tion for range is used to calculate total precipitation; for distance-altitude relation, average precipitation is calculated as total precipitation divided by
area. Area rounded to three significant figures; precipitation and recharge rounded to two significant figures. Symbols: <, less than; >, greater than]

Precipitation Area of altitude
Altitude zone zone or
(feet above Range Average precipitation
sea level) (inches) (feet) range
(acres)

Estimated
precipitation
(acre-feet)

Recharge from
precipitation

and streamfiow

(percent)

Estimated
recharge
(acre-feet)

Riverview Subbasin

Precipitation estimated from altitude-precipitation relation of Glancy and Katzer (1976, p. 48) using digital elevation model

6,000-7,000 12-15 1.1 1,430 1,600 7 110

5,000-6,000 8-12 0.8 5,650 4,500 3 140

< 5,000 <8 0.5 6,050 3,000 minor 0

Total (rounded) 13,100 9,100 250

Precipitation estimated from distance-altitude relation

15-20 1.3 170 220 15 33

12-15 1.1 1,980 2,200 7 150

8-12 0.8 11,000 8,800 3 260

Total (rounded) 13,200 11,000 440

Percent increase from Glancy and Katzer (1976) 21 76
Precipitation estimated from 1996 Nevada precipitation map

15-20 1.3 6,100 7,900 15 1,200

12-15 1.1 2,300 2,500 7 180

8-12 0.8 4,370 3,500 3 100

Total (rounded) 12,800 14,000 1,500

Percent increase from Glancy and Katzer (1976) 54 500

Mound House Subbasin

Precipitation estimated from altitude-precipitation relation of Glancy and Katzer (1976, p. 48) using digital elevation model

7,000-8,000 15-20 1.5 154 230 15 35

6,000-7,000 12-15 1.1 4,940 5,400 7 380

5,000-6,000 8-12 0.8 12,500 10,000 3 300

< 5,000 <8 0.5 6,960 3,500 minor 0

Total (rounded) 24,600 19,000 720

Precipitation estimated from distance-altitude relation

15-20 1.3 674 880 15 130

12-15 1.1 7,870 8,700 7 610

8-12 0.8 15,900 13,000 3 390

<8 0.6 84 50 minor 0

Total (rounded) 24,500 23,000 1,100

Percent increase from Glancy and Katzer (1976) 21 53
Precipitation estimated from 1996 Nevada precipitation map

>20 1.8 450 810 20 160

15-20 1.5 9,000 14,000 15 2,100

12-15 1.1 6,500 7,200 7 500

8-12 0.8 9,200 7,400 3 220

Total (rounded) 25,200 29,000 3,000

Percent increase from Glancy and Katzer (1976) 53 317
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Appendix 1. Ground-water recharge estimated from precipitation-altitude relations for subbasins of the
Dayton Valley Hydrographic Area, Nevada—Continued

Precipitation Area of altitude

Recharge from

Altitude zone zone or Estimated precipitation
(feet lal:’mlle .Range Average precipitation precipi:ati:)n and streamfiow
sea level) (inches) (teet) (':c':g:) (acre-fee {percent)

Estimated
recharge
(acre-feet)

Carson Plains Subbasin

Precipitation estimated from altitude-precipitation relation of Glancy and Katzer (1976, p. 48) using digital elevation model

8,000-9,000 >20 1.8 700 1,300 20 260
7,000-8,000 15-20 1.5 8,370 13,000 15 2,000
6,000-7,000 12-15 1.1 27,100 30,000 7 2,100
5,000-6,000 8-12 0.8 33,000 26,000 3 780
< 5,000 <8 0.5 38,600 19,000 minor 0
Total (rounded) 108,000 89,000 5,100
Precipitation estimated from distance-altitude relation
>20 1.7 176 300 20 60
15-20 1.4 16,300 23,000 15 3,500
12-15 1.1 28,800 32,000 7 2,200
8-12 08 41,000 33,000 3 990
<8 0.6 21,600 13,000 minor 0
Total (rounded) 108,000 101,000 : 6,800
Percent increase from Glancy and Katzer (1976) 13 33
Precipitation estimated from 1996 Nevada precipitation map
>20 1.8 23,800 43,000 20 8,600
15-20 1.5 22,700 34,000 15 5,100
12-15 1.1 22,400 25,000 7 1,800
8-12 0.8 36,100 29,000 3 870
<8 0.5 4,780 2,400 minor 0
Total (rounded) 110,000 130,000 16,000
Percent increase from Glancy and Katzer (1976) 46 214
Stagecoach Subbasin
Precipitation estimated from altitude-precipitation relation of Glancy and Katzer (1976, p. 48) using digital elevation model
7,000-8,000 15-20 1.5 12 18 15 3
6,000-7,000 12-15 1.1 4,620 5,100 7 360
5,000-6,000 8-12 0.8 8,160 6,500 3 200
< 5,000 <8 0.5 32,300 16,000 minor 0
Total (rounded) 45,100 28,000 560
Precipitation estimated from distance-altitude relation
15-20 1.3 170 220 15 33
12-15 1.1 5,310 5,800 7 410
8-12 0.8 14,600 12,000 3 360
<8 0.6 25,000 15,000 minor 0
Total (rounded) 45,100 33,000 800
Percent increase from Glancy and Katzer (1976) 18 43
Precipitation estimated from 1996 Nevada precipitation map
15-20 1.5 3,500 5,300 15 800
12-15 1.1 5,070 5,600 7 390
8-12 0.8 13,500 11,000 3 330
<8 0.5 22,200 11,000 minor 0
Total (rounded) 44,300 33,000 1,500
Percent increase from Glancy and Katzer (1976) 18 168
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Appendix 1. Ground-water recharge estimated from precipitation-altitude relations for subbasins of the
Dayton Valley Hydrographic Area, Nevada—Continued

recipitation Area of altitude
Altitude zone Preciplte eazom: or Estimated Re:e:?r?t::;:’: Estimated
(feet above Range Average precipitation precipitation arr: d stream flow recharge
sea level) (inches) (feet) range (acre-feet) (percent) (acre-feet)
(acres)
Bull Canyon Subbasin
Precipitation estimated from altitude-precipitation relation of Glancy and Katzer (1976, p. 48) using digital elevation model
8,000-9,000 > 20 1.8 42 76 20 15
7,000-8,000 15-20 1.5 1,500 2,300 15 350
6,000-7,000 12-15 1.1 5,550 6,100 7 430
5,000-6,000 8-12 0.8 14,900 12,000 3 360
< 5,000 <8 0.5 21,400 11,000 minor 0
Total (rounded) 43,000 31,000 1,200
Precipitation estimated from distance-altitude relation
15-20 1.4 1,970 2,800 15 420
12-15 1.1 6,840 7,500 7 530
8-12 0.8 19,800 16,000 3 480
<8 0.6 14,900 8,900 minor 0
Total (rounded) 43,500 35,000 1,400
Percent increase from Glancy and Katzer (1976) 13 17
Precipitation estimated from 1996 Nevada precipitation map
>20 1.8 4,950 8,900 20 1,800
15-20 1.5 5,320 8,000 15 1,200
12-15 1.1 5,110 5,600 7 390
8-12 08 13,500 11,000 3 330
<8 0.5 14,300 7,200 minor 0
Total (rounded) 43,200 41,000 3,700
Percent increase from Glancy and Katzer (1976) 32 208
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Appendix 2
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